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A RENAISSANCE LEANING FACADE 

» 

AT GENOA. 

IN several numbers of the Architectural Record magazine which 
appeared during 1896-7-8, announcements were made of sur- 
veys which have been carried out by the Brooklyn Institute of Arts 
and Sciences in various mediaeval Italian churches and cathedrals. 
A summary account of the surveys was also published by the 
Brooklyn Institute in 1896, showing that hitherto unrecognized 
architectural refinements and subtleties are prevalent in many of 
these buildings.* 

In the summer of 1901, these surveys in Italy were continued 
with important results. It had hitherto seemed probable that the 
mediaeval architectural refinements, which had been discovered, 
had generally become extinct before the Renaissance, and the man- 
ner and cause of this mysterious extinction were one of the puz- 
zling features of this study. In 1901, however, several instances 
of Renaissance survivals of the phenomena were observed. One of 
these is the case of a constructive leaning fagade in the Renaissance 
church of S. Ambrogio at Genoa. 

On the day of sailing from Genoa for New York in 1895 (after 
six months surveying work in Italy), a forward inclination of this 
faqade was noticed, which appeared to be constructive. Among 
the various indications of constructive intention those at the south- 
west corner of the church are most easily described, because the 
side view is concealed on the southeast by an adj-oining monastery. 

At the southwest angle, as seen from the side (Fig. i), the base 
courses, plinth, and mouldings were noted as level. On the other 
hand, the pilaster had a slight forward tilt, which appeared to be 
produced by masonry cutting. The front lower angle oT each pil- 
aster block appeared to be slightly obtuse, and the rear angle of 
each block appeared to be slightly acute (Fig. i). 

Of course, if the obvious lean (Fig. 3) had been due to settle- 
ment, then the base mouldings would have dipp<.d d(;wnward toward 
the front. 

There was no time, in 1895, to test these observations by the 
level. They were consequently not mentioned in an article which 
was published on constructive leaning faqades in 1897; Architec- 
tural Record, Vol. VII., No. 3, "The Problem of the Leaning 
Tower of Pisa." 



^Illustrated catalogue of the Goodyear Collection of Photographs of Italian Archi- 
tecture and of the Survey of Italian Mediaeval Buildings. For a complete list of publi- 
cations by tho author of this paper on the subject of the Brooklyn Institute Surveys 
and on architectural refinements, see the third page of the cover. 
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PIQ. 1. THE LBANtNO FACADE OF S. AHBROOIO, GENOA. 
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Genoa was revisited a year ago, especially for the purpose of 
testing these observations. The fact of the lean proved to be too 
obvious for dispute. The only question to be settled was whether 
it was constructive. Having settled this point by the use of the 
level and by careful examination of the masonry, it seemed to be ad- 
visable to have the facts corroborated by an Italian expert. 

The expert selected was the architect now in charge of the church, 



Signor Luigi De Andreis, who has high standing in Genoa as an 
engineering architect. His certificate follows here: 

Genoa, Piazza Invrea, 8. July 23, 1901. 

Honored Sir: In accordance with your wish I now offer you 
some notes respecting the faqade of the church of S. Ambrogio. 
This fa<;ade was constructed only in part, that is to say, in its lower 
half, near the end of the i6lh century. Recently, in 1891, 1892, 
1893, this existing portion was repaired, and the faqade was fin- 
ished by the addition of the upper portion. 

While this work was going on the fact was ascertained that the 
lower part of the fai^ade had a vertical inclination or lean of about 
twenty centimetres in a height of about fifteen metres. 

The upper part was naturally built without any inclination. We 
cannot attribute the inclination of the lower part to the interior 
thrust of the arches or to any other cause of injury, since in that 
case there would have been partial distortions [of the masonry]. 
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PIO. 3. THE LEANING FACADE OF S. AUBROQIO. OBNOA. 
Tbe overhang i 
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On the contrary the given inclination is in a certain measure con- 
stant throughout the fagade, while its decorations* are horizontal 
and not inclined in the direction of the lean. Hence it must be 
supposed that the facade was originally built with the aforesaid in- 
clination. Luigi De Andreis, 

Architect directing the work on the fagade. 

The original Italian certificate is published in the Journal of the 
Archaeological Institute of America, Vol. VI., No. 2, New Series. 
The facts being thus established their bearings have to be consid- 
ered. 

First, as to the purpose of this device, it can hardly have had any 
other than that of evading the effects of foreshortening. The same 
purpose which leads us> in hanging pictures, to tip them for- 
ward from the wall, would explain the wish of the architect 
to give the facade a slight forward lean. The same thing 
was done at an earlier date (15th century), with the pinnacles and 
statues on the top of St. Mark's faqade at Venice, as attested by 
Commendatore Pietro Saccardo, who was in 1901 the engineering 
architect in charge of that church, and who observed this fact some 
years ago, as related in a later part of this paper. 

The now vacant pedestal, 55 feet high, once belonging to a co- 
lossal statue of the Roman Marcus Vipsanius Agrippa, which stands 
before the Propylaea at Athens, on the left as one ascends the hill, 
has a very perceptible constructive forward tilt. The purpose of 
such an arrangement, especially in view of the approach from be- 
low, is self-evident. Vasari tells us, in his life of Michael Angelo, 
that this artist prepared the wall of the Sistine Chapel, on which he 
painted the Last Judgment, by giving it an additional coating, 
with a forward slope, amounting to one foot at the top. Vasari 
adds that this was done to prevent the settlement of dust, but it 
seems more likely that it was done to avoid foreshortening. 

These various well-attested instances would enable us to under- 
stand the given device in the case of this Renaissance fagade, and 
the instance of the Sistine Chapel offers a connecting link, as re- 
gards dates, with earlier cases. 

This brings us to an interesting point connected with the date of 
the church and with its style. This date is comparatively recent, 
about 1590. And yet, although the architect was a Jesuit Father, 
the knowledge of his delicate device has not been cherished by the 
priests in charge of the church, and this knowledge has wholly dis- 
appeared in Genoa. 

It is interesting to discover a certified case of a leaning faqade 
of which the traditional memory has disappeared within the limits 
of modern history; since the year 1600, since the invention of 

^Meaning tbe base mouldings. 
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printing and since the rise of literary record regarding architecture. 
Such an instance nial<es it easier to understand the disappearance 
of such traditions before printing, and before the literary record of 
architectural science was practiced. 

Another phase of this matter is that of style. S. Ambrogio, at 
Genca, stands on llie l>order of the late Renaissance style. The great 



FIG. ^. ti;e leaning facade of pisa. 

htri from ihe Arehlleclural Record, Vol. VII., No. H, 
mts in toot dcclnajB are cnlerea on Ifle drawlDB. The 
t^uiire amouDL of the Incl.nalloD la about IT Inches, wim a return 
10 the perprndlcular In Ihe three upper galleries. Traclog troni a 
Brcoklyn luEiKute phUo^rEpVi. 3<e alEo Figs. I'l and ><. 

rarity of such cases within the limits of the Renaissance period is 
undoubted. It is doubtful if there is another Renaissance leaning 
la<;ade in Italy. This is, so far, the only country in which our 
search for such phenomena has been systematic or widely ex- 
tended, and consequently the only country of which I can speak 
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at present with much security. It may, however, be considered 
probable that this is the only Renaissance instance in Europe. 

In the articles which have been published on the mediaeval phe- 
nomena it has been pointed out that they dwindle and become min- 
imized in amount in the later Middle Ages ; i. e., that they did not 
disappear suddenly. We are led back to this fact by the discovery 
of an apparently isolated case of a Renaissance leaning fagade, be- 
cause it is always easier to understand a gradual fading away of a 
traditional practice than it is to conceive of its sudden disappear- 
ance. 

Leaning facades were certainly not numerous in Italy at any 
period. Careful search in a very large number of Italian towns, 
. and including all of the generally quoted and better known 
churches of Italy, has revealed the following instances: 

That of the Pisa Cathedral is the most remarkable (Figs. 4, 5, 6) 
on account of the abundance of evidence in the masonry cutting 
for the constructive intention. It was originally announced by mc 
as a constructive leaning facade in 1874* on the strength of obser- 
vations made in 1870. The evidence was strengthened to the point 
of absolute certainty by the surveys of 1895.! In 1901 this evidence 
of the published surveys was presented to Signor Annibale Messer- 
ini, the engineering architect now in charge of this cathedral. He 
examined the building with me, and his certificate is appended here. 

The original Italian certificate is published in the Journal of the 

Archaeological Institute of America, Vol. VI., No. 2, New Series. 

This certificate also covers other announcements concerning the 

Pisa Cathedral, which are found in the various articles which were 

published in 1896-7-8, in the Architectural Record: 

Pisa, August 9, 1901. 
Honored Sir : I have examined your measurements of the monu- 
ments of Pisa and am able to say that the proofs are complete for 
the following facts: 

1st. — That the fa<;ade of the Pisa Cathedral was intentionally in- 
clined in the original construction. 

2d. — That all the curves of this building, both the horizontal and 
the vertical, were intentionally made in the original construction. 
3d. — That the oblique lines of the interior galleries were built as 
they now appear. 

4th. — That the main exterior cornice is oblique by construction. 

With assurance of high regard, 

Annibale Messerini, Engineer. 
[Architect in charge of the Pisa Cathedral.] 

The whole overhang of the Pisa fagade is 17 inches, but it does 
not project beyond the forward edges of the great plinth blocks 
at its angles. 

•••Scrlbner's Magazine," Vol. VIII.. No. 4, 1874. 

tArchltectural Record, Vol. VII., No. 3. "Tlie Problem of the Leaning Tower of 
PIsR," 1898. 
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It straightens back to the perpendicular in the three upper 
stories. The third story (second gallery) only tips forward a tenth 
of a foot, and the two upper stories are perpendicular. This pecu- 
liarity of a return bend to the perpendicular is shared by the lean- 
ing fac^ades of S. Michele at Pavia (Figs. 7 and 8) and of S. Am- 
brogio at Milan (Figs. 9 and 10), -both of which are undoubtedly 
constructive. The return curve of S. Ambrogio is shown by Fig. 
9, but the return curve of S. Michele (Fig. 8) is mainly above the 
limits of the photograph. It may be noticed on the left of the pic- 
ture at the top. An enlargement of the negative up to 25 " x 35", 
now in the Brooklyn Institute Museum, shows the beginning of 
the curve quite clearly. 

As regards the constructive facts in S. Michele at Pavia, a pho- 
tograph taken in 1901 is very effective (Fig. 7). It shows an upward 
tilting of the base courses. These mouldings would dip downward, 
if the faqade had settled. 

In Fig. 9, the return curve of S. Ambrogio at Milan is shown 
from the inside of the portico (second story) as being against 
thrust. As the return curve is constructive, of course the lean must 
be the same (Fig. 10). This lower facade thrusts against court ar- 
cades of the same date and is supported by them. The capitals of 
the piers have been observed as horizontal, although the picture 
does not show this. If the facade had settled, the tops of the capi- 
tals would dip downward. There is also conclusive evidence in the 
masonry cutting so far unpublished. 

Notre Dame at Paris offers another instance of a front which 
leans out below and then straightens to the perpendicular (by an off- 
hand change of direction, not by a curve). The inclination does not 
extend above the first story, and is roughly estimated to be about 
nine inches. Those who examine this facade in Paris should be 
careful to notice that the buttress masonry at the lower part of the 
northwest angle is a modern repair, and here the lean has been ob- 
literated. 

The facts regarding Notre Dame were hastily observed during 
the Paris Exposition of 1900. They were published in the Journal 
of the Archaeological Institute of America, Vol. V., No. i., New 
Series, 1901. 

The leaning faqade of the Ferrara Cathedral has already been 
noticed and illustrated in the Architectural Record.* This is the 
one important mediaeval instance, so far observed, which shows a 
continuous forward lean (Fig. 11), as distinct from a return bend. 
There are no partings of the masonry on the sides, such as would 
have occurred if the foundations of the building had yielded. The 
amount of this lean appears to be about 22 inches in about 96 feet. 

•Vol. VI., No. 1. p. 8; Vol. VII.. No. 3, p. 287. 
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FIG. 8. THE LEANING FACADE OF S. MICHELE, PAVIA. 
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FIG. ». RETURN CURVE OP THE LEANING FACADE OF S. AHBROGIO, MILAN. 
TakeD iailde the portico of (he second story. Photograpb ol the Brooklj'ii 
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Thus we are able to quote, so far, four important mediaeval in- 
stances, in Italy, of which three are certainly impregnable, and I 
have, personally, no doubt about Ferrara. 

On the other hand, there are three leaning fa<;ades in Italy which 
must be considered as probably accidental. In the Cathedral of 
Volterra the south wall has bulged out so far, that it had to be sup- 
ported by a building which was erected against it. This fact casts 
suspicion on the constructive intention of the leaning faqade at 
X'olterra, although there is, on the face of things, no reason why 
a building which was constructed with such a refinement should not 
also have met with an accidental mishap. There is a concave curve 
in plan in one of the upper faces of the Parthenon, which has been 
attributed by Penrose to the explosion which ruined the building. 
This has never been held by Penrose, or by others, to cast 
doubt on the existence of constructive curves in the Parthenon. 

Two other doubtful cases are those of S. Pierino at Pisa and of 
S. Simone Juda at Lucca. The facade of the Madonna deirOrto 
at Venice is very probably a good constructive instance. There is 
nothing to discredit it, excepting the fact of its being in Venice, 
where the foundations of buildings are supposed, without very good 
reason, to be peculiarly unstable. This facade curves back to the 
perpendicular, and this alone seems to establish constructive pur- 
pose. The observations of this church (in 1895) were rather hur- 
ried, and no plumbs were taken, so that for the present it must be 
considered as an undetermined case. 

In 1 901 I re-examined the small church of S. Giovanni e Paolo 
at Bologna, which is mentioned in the Architectural Record, Vol. 
VII., Xo. 3, p. 286, and determined that the lean was too slight for 
quotation. A hasty observation of S. Agostino at Cremona, made 
in 1895, has been mentioned on the same page of the Architectural 
Record. This church has not been revisited. 

Some additional observations of 1901 for constructive leaning 
faces, are important, although they do not concern facades. 

In the church of S. Francesco at Arezzo, where the choir is re- 
cessed, the walls on each side of the choir, fronting the nave, have 
a strong forward constructive slope. These walls had fresco deco- 
ration. A close analogy with the wall of the Sistine Chapel, above 
quoted, may be suggested for this instance. 

The exterior of the choir of the Cathedral of Palermo leans out 
very remarkably at the cornice, apparently in order to evade the 
foreshortening of the fine decoration which is there applied. The 
choir of the Pisa Cathedral leans out as much as the facade, and 
also straightens to the perpendicular in the upper story. The 
upper part of the facade of S. Frediano at Lucca curves forward al- 
most as much as an Egyptian temple cornice. It has mosaic deco- 
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FIG. 10. THB LEANING FACADE OF S. AMBROGIO. MILAN'. 
The lean nmouDtB to D Inches tor the flrat stor;. Fholograph of Lhe Brnoklj'ii 
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FIQ. 11. THE L.BANINO FACADE C 



t 22 iDchee In 06 feet. Photograph at the BrooklTn 
Inatltule Survey. 1901. 
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ration, and the avoidance of foreshortening was palpably intended. 
The instance to be finally mentioned is among the most important, 
because the constructive facts are now attested by an architect's 
certificate and because they have been so long ignored in the case 
of a church as famous as S. Mark's at Venice. 

This instance was first observed in 1870, and was again observed 
in 1895. Publication was made in Vol. VII., No. 3, Architectural 
Record, but with a very unsatisfactory photograph. Four photo- 
graphs were made in 1901, all of which show the plumb line. Figs. 
12 and 13, are selected from them. 

All the columns of the fagade of S. Mark's on the lower story, 
lean out in similar fashion, exceptingf those at the southwest angle, 
which have been repaired by an architect now deceased, and igno- 
rant of this refinement. The plumbs show tips varying from 2^ to 3J 
inches in a height of 9J feet. The walls behind these columns are 
perpendicular. The columns of the upper Vow are perpendicular. 

When these facts were pointed out, in i9Cfi, to Commendatore 
Pietro Saccardo, the engineering architect then in charge of S. 
Mark's, he instantly recognized them as constructive, although 
he had not previously noticed them. He also furnished me with 
a certificate regarding the construction. This certificate is reserved 
on account of its inclusion of other phenomena, and will shortly 
be published in Vol. I., No. 2, of these Memoirs.* 

Although in this instance it is the columns which lean forward 
and not the wall, the facts are analogous to those shown by the 
bending or curving fronts of Pisa, Pavia and Milan. There is, 
however, this distinction. If the avoidance of foreshortening were 
the only consideration here, it would seem that the upper row of 
columns would also lean out. At Pisa, Pavia and Milan, and in 
Notre Dame, we might suppose the return to the perpendicular 
to be due to considerations of stability, but this consideration could 
not be imagined to apply to the facade columns of the second row 
in S. Mark's, because there was no sacrifice of stability in the tilt 
of the lower columns; the wall itself being perpendicular. The 
bend in the vertical would therefore appear to have been the con- 
trolling consideration, in this instance, and an aversion to the rig- 
idity of the straight line would therefore be the proper explanation. 
This may consequently also apply to the cases at Pisa, Pavia and 
Milan. 

This probability is strengthened by the interesting observation 
of Commendatore Pietro Saccardo, as to the forward tipping pin- 
nacles and statues of St. Mark's, and as to the forward tip of the 
Porta della Carta. Since the pinnacles tip by construction the 

*The original has been published in the Journal of the Archaeological Institute of 
America. Vo. VI., No. 2. New Series. 
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perpendicular position of the second line of columns on the facade 
must be certainly significant of the preference for a bending ver- 
tical at that point. Otherwise they would also tip forward. On the 
other hand, the forward tip of the pinnacles and statues could only 
be explained as intended to avoid foreshortening. This must also 
be the explanation for the Porta della Carta. 



FIG. VI. THE LE.'iNlMQ COLUMNS OF S. MARK'S FAgADB, VENICE. 
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The forward lip of the pinnacles was personally made known to 
me by Conimendatore Saccardo as being about 6J inches. We 
phimbed the Porta della Carta together, and tpund the tip to be 8 
inches. 

The fact that the architect, now deceased, who formerly con- 
trolled the repairs of S. Mark's did not understand, and did not re- 
peat, the artifice of the original builders during his repairs was men- 
tioned to me bv Commendatore Saccardo. He also informed me 
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FIQ. 13. THE LEANING COLUMNS OF S. MARK'S FACADE, VENICE. 

The leans vary trom 2Vi to 3^ Inches In a height of 9% feet. The upper coluinnB are 
perpendicular, as Is Ihe wall behind them. Photograph ol the Brooklrn Inatltute Surver. 
1901. 
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that he was at this time a subordinate of the official in question, 
and that a controversy between them was caused bv his conten- 
tion that the repairs of the side facades had not been carried out ac- 
cording to the methods of the ancient builders. This controversy 
was carried into the Venetian daily newspapers and continued for 
ten days (1881). An account of this controversy will be found at 
p. 5 of a monograph by Commendatore Saccardo, entitled, '*I Res- 
tauri della Basilica di San Marco neir ultimo decennio," (Venezia, 
Tipografia Emiliana, 1890). 

We now return to the consideration of the leaning faqade of S. 
Ambrogio at Genoa, with the following conclusions: 

(a) If the tradition regarding such a practice disappeared, as it did 
disappear, after 1600, there is no reason why the tradition should 
not have disappeared, for earlier buildings, such as the Pisa Cathe- 
dral : and one ground of incredulity regarding mediaeval instances, 
viz.: the supposed unprobability that such a thing should have 
been done and then forgotten, no longer exists. 

(b) The suggestion has sometimes been verbally made that the 
builders of the Middle Ages were not familiar with the ordinary 
mechanical methods of rectilinear building, but the builders of the 
late Renaissance have never been accused of lacking in formal ac- 
curacy. Therefore, if they did, for a purpose, deviate from the 
normal perpendicular, in one instance, there is no reason why the 
builders of the Middle Ages should not have deviated from the nor- 
mal perpendicular, for the same purpose, or for some other pur- 
pose, in other instances. In fact, the isolation of the Renaissance 
example can best be explained as a rare survival of a practice which 
once had greater currency. It is especially for this reason and as 
bearing on the announcements which have been previously made 
for mediaeval buildings that this paper is published. 
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THE ARCHITECTURAL REFINEMENTS 

OP 

ST. MARK'S AT VENICE. 

Preface* 

In the Diary of John Evelyn there is a passage relating to the 
architectural commission which was appointed, in the reign of 
Charles the Second, to examine and report upon the old Gothic 
Cathedral of St. Paul's in London. Evelyn was a member of this 
commission, which was headed by Sir Christopher Wren. The 
entry is found under date of July 27th, 1666. The cathedral was 
destroyed soon after, by the fire of London. Here is the passage : 

"I went to see St. Pauleys church, where, with Dr. Wren, Mr. 
Prat, Mr. May, Mr. Thos. Chichley, Mr. Shngsby, the Bishop of 
London, the Deane of St. Pauleys, and several expert workmen, we 
went about to survey the generall decay of that ancient and vener- 
able church, and to set down in writing the particulars of what was 
fit to be don, with the charge thereof, giving our opinion from arti- 
cle to article. Finding the maine building to recede outwards, it 
was the opinion of Mr. Chichley and Mr. Prat that it had been so 
built ab origine for an effect in perspective, in regard of the height ; 
bitt I was, with Dr. Wren, quite of another judgment, and so we 
entered it ; we plumbed the uprights in several places." 

It was about 1879 t^^^it this passage first attracted my attention, 

as having some possible relation to an observation which had been 

r^ade in Venice in 1870. In that year it was noticed that the casing 

- of certain piers in St. Mark's had been cut obliquely, so as to fit 

* and correspond with a system of vertical inclinations which also 

- "receded outwards." The leans of the piers could, therefore, not 
^ be less ancient than the casing itself. 

^ This casing was undoubtedly ancient. Inasmuch as accidental 

\ movements and settlements of the building would probably not all 

have taken place at once, immediately after the rough construction 

V was finished and before the casing was applied, this again would 

- argue that the leans were constructive. 

The note-book of 1870, in which this memorandum was entered, 

is still extant. So also is a printed syllabus of 1879, in which this 

. observation was recorded. It was not, however, until 1887, that a 

. .photograph of the interior of S. Maria della Pieve at Arezzo fur- 

• nished an additional suggestion that a system of constructive refine- 
' ments in the matter of leaning verticals which "recede outwards," 

might be discovered in the architecture of mediaeval Europe. 

Photographs are notoriously insufficient evidence as to the lean- 
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FIG. 1. SAN-TA MARIA DBL1.A PIEVS, AREZZO. 

From a pbolograph ol (he BroohlvD Institute Survey. ISdTi. Tbe widening Id the piers at the tranaept 

iB about 2S Inches. 

itif^ lines of an interior, unless they are made with great care, and a 
slight tilting of a camera would produce a distortion. The photo- 
graph which was examined in 1887 was therefore not regarded as 
■evidence. It was con.sidered purely as a memorandum, making 
advisable a personal examination of the church itself. This exam- 
ination was made in 1895.* 

A tentative and preliminary examination of the chnrch was made 
oi' the dates of July i8th, icith. and 20th. in company with an archi- 
tectural as.'^istant. A second visit was made on the dates of August 
16th, 17th, i8th, with two assistants, one of whom was an experi- 
enced surveyor and engineering architect, and at this time photo- 
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graphs were carefully taken and reliable estimates of the amount of 
inclination were made (Fig. i). The ground-plan of the church 
was also surveyed.* 

It was during the later part of the trip of 1895, and subsequent 
to the Arezzo observations, that the evidence for the constructive 
existence of this "outward receding" in mediaeval architecture was 
considerably enlarged. In St. Mark's, at Venice, the scanty and 
hasty observations of 1870 grew into a definite and well-estabHshed 
certainty. 

During a six days' stay in Venice (Sept. 6th-iith), many photo- 
graphs were carefully taken, so as to serve as an exact record con- 
cerning the leaning verticals and a few plumb measurements were 
made. The questions of construction were carefully considered 
by the engineering expert, Mr. John W. McKecknie, who had been 
employed by the Survey for such purposes. 

Most important observations as to this particular phenomenon 
were also made during the month of October, 1895, after Mr. Mc- 
Kecknie's departure for the United States, in Pavia, Milan, Borgo 
San Donnino, and Cremona ; but these observations were not cor- 
roborated by photographs or by any systematic record of measures, 
owing to the unusual haste involved in the effort to visit a large 
number of localities before a fixed sailing date. 

After return to the United States it appeared that two of the 
survey photographs, which had been carefully taken to an exact 
level and perpendicular, in churches where other refinements had 
been noticed and surveyed, also supplied the evidence of this refine- 
ment. These churches were the Cathedral of Trani and the church 
of Ss. Giovanni e Paolo at Bologna. 

In the Cathedral of Trani the piers of the great arch crossing the 
nave at the transept recede outwards 12 inches and the very slight 
thrust of the arch above them is resisted by the entire depth of the 
transept walls (Fig. 2). 

In the church of Ss. Giovanni e Paolo at Bologna (Fig. 3) the 
clerestory walls recede outwards 10 inches and they are tied in by 
a transverse wall at the apse, so that accidental outward movement 
at this point, where the full widening continues, would be im- 
possible.! 

Thus, in 1897, it was possible to publish a summary of the evi- 
dence which had been secured up to that time on this matter, and 
inasmuch as the old literary record, which has been quoted, now 
seemed to have gained considerably in significance, this publication 
was given the title of "An Echo from Evelyn's Diary. "J 



•Architectural Record, Vol. VII., No. 2. 1897: p. 210. 

tThis church was revisited in 1901, and the factR ^hlch were originally discovered 
in a survey photograph were verified by personal observation, 
t Architectural Record. Vol. VIL, No. 2, 1897. 




FIG. 2. CATHEDRAL. OF TRANI. ARCH SPANNING THE NAVE. 
Tracing from a Survey photograph of 1895. The widening in the 
piers of the arch is about a foot. The walls of the nave curve in- 
ward near the ceiling. The original lines of the apse are concealed 
by Renaissance stucco. 
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I B PAOU>. BOL.OGNA. 
Drawlag over n Survey photograph of 1899. 
DBve Is 10 Inches, and tbli widening extends to the 
tied In by the wall of the apse. 

Thtre was still much to be (ione, even in a preliminary sliidy of 
this matter. In 1895 our surveying party had employed a well- 
qualified engineering expert, and his certificate had been published 
regarding the constructive facts in S. Mark's and at Arezzo, in the 
paper which has just been cited. Notwithstanding, it appeared ihat 
a certificate from the engineering architect in charge of St. Mark's 
was also to be desired. 

It was especially in order to secure this certificate that a trip to 
Italy was made in iQOi. An additional motive for this visit was 



30 



MEMOIRS OF ARCHAEOLOGY. 



the wish to verify and corroborate by photographs and measure- 
ments, the hasty and insufficiently substantiated observations of 
1895, J^ Pavia and Milan. The result was, however, not only to 
make good the deficiencies of record for the evidence already 
known to exist, but also to secure wholly unexpected additional evi- 
dence of a character which will doubtless challenge the attention 
oi every architectural expert. 

From this point of our Memoir the evidence will be massed, 
without regard to the date at which it was obtained. But the reason 
foi this method of approach to the topic lies in the appeal which it 
suggests for future research ; based on the positive certainty, 
which has now been attained, that the churches which have been 
found to show this remarkable construction are not the only ones. 

Since the survey photographs of S. Maria della Pieve at Arezzo 
have been the first referred to, it is well to add that this church has 
been chosen for an important preliminary illustration (Fig. i), not 
only because it was the pivot from which our search for the given 
refinement moved in 189c;, with a certainty that somewhere or other, 
churches with similar phenomena would again be found, but also 
because it is a pecuHarly marked and definite case, and therefore one 
in which the diverging lines can easily be shown by a photograph. 

This again makes it important to say that what is easily seen in 
a photograph is not always easily seen in a building. The photo- 
graph which is accurately made to show an obliquity, or lean, often 
produces an impression on the observer which is wholly foreign 
to that actually found in the building. In the buildings themselves 
these leans are inconspicuous. They are discounted, or translated 
by the eye, into other effects, whereas the photograph may appear 
abnormal. 

A remarkable indication of the absence of an abnormal appear- 
ance in the buildings is the fact that these leans have not been pub- 
lished as constructive. Thus these verticals ''receding outward" 
really do partake of the nature of a refinement ; i. c., they are in- 
conspicuous, although they may not so appear to be, in the case of 
the Arezzo photograph. 

On the other hand, certain photographs of St. Mark's approxi- 
mate to the effect obtained in the building and may assist the 
student to understand the motive of this construction. On the 
whole, however, the purpose of this refinement should be studied in 
the buildings and not in the survey photographs. These are sim- 
ply illustrations of the existence of such leaning verticals ; having 
been made with all possible precautions to avoid the distortion? 
which are due to the tilting of the photographic plate. Moreover, 
in the most important cases their evidence is supported by meas- 
ures with the plumb-Hne. 
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As to the purpose of this remarkable constructive system, it may 
grow to be as much debated, and continue to be as little understood, 
as the Greek horizontal curves themselves.* It is perhaps not even 
clear at present, in what sense the suggestion of Chichley and Prat, 
as quoted by Evelyn, should be taken, — **that it had been so built 
ab origine, for an effect in perspective, in regard to the height." 
The main purpose of this publication is to so bring the facts to the 
knowledge of experts that their views may be obtained. Meantime, 
it has already been suggested by the writer that one purpose may 
have been to avoid the contracted and spindling effect which the 
perspective convergence of vertical lines tends to produce in a lofty 
nave. There are also several churches, and St. Mark's is one of 
them, in which the effect may be compared to an emphasized de- 
velopment of that entasis, or vertical curve, which has been proven 
by the Brooklyn Institute surveys to occur in the piers of some 
mediaeval churches. There is a palpable grace and suavity, a large- 
ness of sweep and an elegance of design about these bending ver- 
ticals which may be their all-sufficient explanation.f 

At present the important point is to collate as many facts as pos- 
sible and what remains to be said in this paper as to possible mo- 
tives will be best said after all the known facts have been presented. 

Xo discussion on the point of motive could, however, be satis- 
factory which does not consider the evidence which has been else- 
where presented for the existence of other phases of architectural 
refinements in mediaeval churches. 

The G>nstfuctive Evidence at Orvxcto and Viccnza. 

It is self-evident that outward leaning walls or piers in vaulted 
churches are presumably to be attributed to accidental causes and 
that they are to be attributed especially to thrust from the vaulting, 
unless positive proof to the contrary be furnished. We shall there- 
fore address ourselves to the proofs that the given facts are con- 
structive in certain churches to be named. 

For instance, in the (lothic church of S. Agostino at Orvieto the 
walls lean outward, while buttresses of the same age, and of homo- 
geneous construction with the wall, lean inward. This shows, of 
course, that the walls do not lean outward accidentally. Several 
photographs of this church were made on Sept. 17th, 1901, and a 
drawing from one of them is published in Fig. 4. An enlargement 
of 25 X 35 inches from this photograph is exhibited in the Museum 



*For the various theories which have been advanced as explanations of the Greek 
horizontal curves, see Journal of the Archaeological Institute of America, Vol. VI., Xo. 
2, New Series, 1902: Goodyear; "Architectural Refinements in Italian Churches." 

tA very remarkable demonstration for the constructive existence of delicate curves 
in mediseval piers has been found in the Cathedral of Vlcenza. See the Journal of the 
Archseological Institute of America, Vol. VI., No. 2, New Series, VMYl. See als^ p 47 
of this Memoir. 
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FIG. i. S. AGOSTINO. ORVIBTO. 
wlDg trom a Survey pbotograph of 1901. The inlerlor ' 
terlor outward lean log wall. Tlie 
origins] coDslruction. 
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of the Brooklyn Institute. In such enlargements the facts are 
shown with much greater clearness than in the small dimensions of 
these pages. 

The church is now in possession of the miHtary authorities at 
Orvieto and the temporary absence of the Commander made it im- 
possible for me to examine the interior, although I had visited Or- 
vieto expressly to make these photographs. 

The exterior of this church, then also closed and abandoned as 
regards the interior, was first examined on July loth, 1895, ^^^ I ^^^ 
not then realize its importance, being absorbed in a survey of the 
Orvieto Cathedral, and in a study of quite different phenomena.* 
At that time, my conception of the outward receding verticals was 
that they w-ould be confined to the clerestory or to the piers of the 
nave as they have since proven to be at Arezzo, Perugia, Bologna 
and Cremona. It had never dawned upon me that these leans for 
interior effect, might be found in the exterior walls of a church. S. 
Agostino at Orvieto seemed at that date to be a species of freak. 
It was not till 1901 that the discovery of a similar case in Vicenza 
led me to revisit Orvieto in order to make these photographs. 

On Sept. 2d, 1901, the Gothic church of S. Lorenzo in Vicenza 
(Fig. 5) was observed to have exterior side walls leaning outward 
against buttresses of the same age, and of homogeneous construc- 
tion with the walls, which had outer perpendicular faces. This con- 
struction proved to be the exterior phase of an interior outward 
leaning of the aisle walls. 

Several photographs were made in the interior and plumbs were 
taken at various points. The original of Fig. 6 w^as taken so as tc 
show the inner side of the wall which appears in the exterior of 
Fig. 5. The lean continues at the angle of the transept wall, which 
has a depth of 10 feet. 

At this point no movement due to thrust is conceivable, and we 
have thus an additional corroboration for the constructive facts as 
shown bv the exterior buttresses. 

The lean amounts to 6 inches in a height of 32 feet, at the angle, 
and it amounts to 9 inches at the pilaster which is nearest to the 
spectator in the photograph. 

In the greater height of the exterior wall the lean amounts to 
about a foot. The thickness of the wall itself is 4 feet and the but- 
tresses project 3 feet from the bottom of the wall. Similar facts 
are found in the left aisle and a photograph has been taken to rep- 
resent them. 

Fig. 7 shows the nave of the same church, taken from the High 
Altar, and looking toward the faqade. The outward receding, or 
spreading, in this nave, begins in the clerestory walls. It only 



•Architectural Record, Vol. VI., No. 3, p. 309. 
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FIG. 5, S. LORENZO, VICENZA. 
tpom B Burvey photograph ol 1901. The Inleilor widening 1< shown Ln the eiterior 
ning wall. Tbe outer faces ot the buttreBsCB are perpendicular, and they beloDg to 
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amounts to about 3 inches on each side in a height of 16 feet ; a total 
divergence of 6 inches. The delicacy of feeling which called for 
this divergence is certainly remarkable, but we shall find proofs in 

more than one building that leans of as 
small an amount as o. 10 were systemati- 
cally made for heights of 10 or 12 feet.* 
S. Agostino at Orvieto and S. Lor- 
enzo at Vicenza are the only buildings, 
so far observed, in which the outside 
walls of the building lean out, in connec- 
tion with a system of interior leaning 
verticals, but the aisle walls of St. 
M ark's at Venice also lean outward, as 
far as the interior surfaces are con- 
cerned, as will be shown presently. 

There are five other churches, so far 
found, in which the effect of the out- 
ward lean is built into the pilasters of 
chapel walls which face the side aisles. 
Thus, eight churches are known at 
present in which either the fact or the 
effect of an outward lean is carried into 
the vertical lines of the side aisles. 

The five churches above mentioned 
are : S. Giorgio Maggiore, at Venice ; 
S. Ambrogio and S. Eustorgio, Milan ; 
S. Michele and S. Francesco, Pavia. 

The G>nstnfctive Evidence at Milan 

and Pavia* 



The four last mentioned cases were 
all observed in 1895; but, as already 
noted, without adequate corroboration 
or record, on account of hasty observa- 
tion. All these churches have a system 
of exterior chapels with walls at right 
angles to the direction of the aisles and 
of such depth as to make it positive 




FIG. 6. S. LORENZO. VICENZA. 

From a Survey photograph of 1901. 
WaH of the right aisle, looking toward 
the transept. The outward leaning is 
partially obscured by Renaissance monu- 
ments. It amounts to 9 inches at the first 
pier on the right, and to 6 inches at the 
angle of the transept wall, in a height of 
32 feet. 



*The view of the aisle (Fig. 6) shows a peculiar 
treatment of the vaulting, which is indicated by the 
oblique lines of the timber beams, showing that the 
capitals are lower on the side of the nave. The 
vaulting is turned with a higher and shorter cunr^ 
on the side of the wall and with a depressed longer 
curve on the side of the nave. The purpose seems 
10 have been to throw the thrust of the vaulting 
towards the nave and away from the outer wall. A 
similar treatment of the aisle vaultings Is found in' 
the Cathedral of Volterra. 
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S. U>RENZO. VICKNZA. 

which begins nboT« the ca; 

that the sloping pilasters which face the ends of the walls arc con- 
structive. 

S. Eustorgio at Milan is an ancient Romanesque church. The 
slopes of the aisle pilasters, as shown by Fig. 8, were noted on Oct. 
9th, 1895. Photographs and plumbs were taken on Sept. nth, 
1901. The slope of the pilaster on which the lamp is hanging is 4^ 
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mo. S. 3. BU3T0ROIO, MILAN. 

Right alale. looklas toward the U&iSe, DrawJQK from a Survey photOKrapb of 1901. Ths 
ATeragn oulward leaa of the pIlBBt«ra it 4 iDCbes In 13 teet. Alt the pilasters or the l«tt aisle have 
correBpondlDg leaoe, under elnillar condltlona as regards tbmal. 
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inches in 13 feet. The average slope of six pilasters ts 4 inches and 
the same uniform leans occur in the opposite aisle. 

The case of S. Eustorgio is notable because no wid'ining is known 
to exist in the clerestory of the nave. No sighting was taken from 
the level of the clerestory, but there is no doubt, at least, that the 
aisle leans are much the most pronounced in this church. This 



FIG. 9. S. AMBROGIO, MILAN. 

Tbe Facade. Tracing Crom a photograph, (o show tbe wldenlDE of the ceatral arch In I 

upper pan loo. 

would show that the aisle spreads were not merely an afterthought 
or a parallel treatment derived originally from the naves, but that 
the aisle leans were considered desirable in themselves, without 
reference to the nave. 

Inasmuch as the aisle walls must have been built before the clere- 
story, it would be conceivable that the building had meantime 
fallen into the hands of masons who did not practice the given re- 
finement, but it can be otherwise proven that one motive of the 
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PLAN 1. THE COURT OF S. AMBROQIO. MILAN. 

Showing leans In the pilasters of the angles which are parallel with those of 
the wall pilasters. At the angles of the west wall of the church these leans 
are double. (Compare Fig. 10.) The measures (In decimals of a foot) were 
taken with a plumb-line of 13 feet. 
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debated construction was based on a feeling which was not limited 
to the effect of a clerestory or of a church aisle. This is shown by 
the fact that the arcades of the entrance court of S. Ambrogio ex- 
hibit this refinement, and so does the 
central arch of the upper portico of its 
fa<;ade. (Fig. 9.) 

As regards the court of S. Ambrogio; 
Fig. 10 and Plan i ; we shall confine the 
proofs for constructive arrangement, as 
opposed to the natural presumption of 
thrust, to the observation that the leans 
are repeated in the pilasters at the four 
angles of the walls of the court, at 
points where these pilasters are purely 
decorative formulas and where no 
thrust or other accidental movement 
can be suggested as having affected 
their vertical directions. The leans in 
a double direction in the angles of the 
facade wall of the church, where there is 
no thrust in either direction, are to be 
carefully noticed in Plan i and Fig. to. 
The significance of these leans is, of 
course, to be related to the fact that 
they constitute parallels with other 
leans along the sides of the arcades, 
which might be open to suspicion as not 
constructive, if considered without refer- 
ence to the angles. 

In the side aisles of S. Ambrogio 
(Fig. 11) the evidence tor intention is 
of such a nature that the mere illustra- 
tion of the facts is sufficient to carry 
conviction, as it also is in S. Euslorgio. 
The chapel walls are 21 feet deep (about 
the same in S. Eustorgio.) Tests with 
Ihe plumb-line on every pilaster show 
that the facts are constant and uniform 
in both aisles. In the illustration of the 
right aisle the pilaster on which the 
plumb-line is hanging leans back zj 
FIQ. 10. A PliASTBR IN THE COURT inches. The maximum lean in this aisle 
OP s. AMBROGIO. ujuAS. j^ ^j inches. The average lean is 4 

Sketch ihowlng ihe iiiKle of tbe court j l 
near the eEtrance to the rlBht Eiliile of "it."C!>. 

the church. The meaBurea repreaemlng J^ the nave; Figs. 12, 11; WC find the 

the lean of the pilaster are to he com- " " 

pared «lth thoie at Plao 1, tor the other 
an glee of tbe court. This sketch does 
Dot attempt to reproduce Ihe vertical 
leans. It only representa the coDdltloni 
under which the; occur. 



Fia. 11. S. AUBROQIO, MILAN. RIQIJT AISLE 
Drawlns from a 3urver pbotogmpb ol 1901. ibowlnK tbe plumb-line. The cbapel walU have a 
deplh of 21 feet. Wltb a plumb-line ot 13 teat (be following plumbs were taken In tbU alile 
(toot-dec Imalfl) : Ist pilaster (eitreme risht). .20; 2d pllaater (wllh plumb-line In tbe drawing), 
.20; 3d ptlaiter. .40; 4tb pilaster, .44: 5(b pllaater, .42; 6(b pilaster, .30. Tbe verilc*lt ot tbe 
left aisle sbow correi ponding IncllnatlODi. 
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main piers, which rise to the springing of the vaulting, all con- 
structed with outward receding verticals, and with uniform leans 
amounting, by plumb measurement from the gallery to the pave- 
ment, to 5i or 6 inches each, in a height of 30 feet. 
(The alternating piers, which correspond to the 
smaller bays of the aisles, lean into the nave in 
some cases. Plumbs from the pavement have 
still to be taken for several of these alternating 
piers.) 

In view of the satisfactorv evidence for the 
side aisles it is hardly necessary to debate the 
constructive evidence for the nave. 

S. Ambrogio, S. Alaria della Pieve and the 
Cathedrals of Perugia and Trani are the only 
churches observed, in which the leans of the 
nave piers start from the pavement, with the full 
amount of the ultimate incHnation. Whereas 
the piers at Arezzo have a delicate but sensible 
curve, those at Milan have absolutely none. At 
Prugia the side aisles are nearly as high as the 
nave and a vaulting thrust has certainly to be 
considered there as a possibility. On the other 
hand, when the weight of the galleries, the low 
side aisles and heavy aisle vaultings of S. Am- 
brogio are considered, the proposition that the 
nave vaulting could have pushed over the piers 
to the amount of 6 inches and in a straight line 
starting at the pavement, is too absurd even for 
mention. 

In S. Alichele at Pavia an aisle photograph 
V as taken with plumb-line in position but was less 
successful than the pictures in the Milan 
churches. The facts are of the same nature as 
Sketch of the pier next regards the aisles and are represented by Plan 
the choir, on the right 2. The small amount of the leans is as notable 
side of the nave. ^^ ^j^^j^. uniformity (one exception.) With a line 

of 9 feet the minimum is } of an inch, the maximum 2^ inches. 
The only plumbs for the nave are those taken with a short line of 9 
feet in length, which was being used in the side aisles. The piers 
curve back above (as judged by the eye). 

As judged by the eye, the first three pairs of piers are marked 
cases of curving outward, above; but the outer bend of the last 
pair of nave piers is slight, and no outward receding is perceptible 
in the arch of the apse. This absence of outward receding in the 
apse is exceptional, as contrasted with Vicenza, Arezzo, Mi- 




FIG. 13. S. AMBROGIO, 
MILAN. 
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Ian, Bologna, liororo San Donnino, St. Mark's and S. Giorgio 
Maggiore at X'cnicc. In the Capella Palatina of Palermo, it is only 
in the arch of the apse at the choir that the refinement is found. It 
niav be that repairs have obliterated the lines in S. Michele or that 
masons were employed, at some date, in the original building who 
were indifferent to this refinement. 
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PLAN 2. THE NAVE OF S. MICHELE, PA VIA. 

The plumb measuremeDts. in foot-decimals, were taken in the aisles with a line 
of 9 feet, reaching to the capitals of the pilasters. The same short line was used 
In the nave. Therefore, the measures for the nave do not represent the amount of 
widening. They only indicate the vertical direction for the given height. 



S. Francesco at Pavia is a Gothic church with chapels opening on 
the side aisles like the churches just named. The walls of these 
chapels are 12 feet deep. The pilaster leans are well defined in 
these aisles and the outward spread appears in the nave. No meas- 
ures or photographs have been taken here. The observations date 
from 1895 *^"^^ ^^c church was not examined in 1901. 
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Borgo San Donnino and Cremona. 

The effort had been made in 1895 to examine all previously un- 
visited important churches of North Italy, between the dates of 
Oct. 5th, when survey work was finished at Pisa, and Oct. 17th, 
when passage had been engaged from Genoa for the United 
States. After depositing baggage and 550 photographic negatives 
at Genoa, the following towns were visited, between the 7th and 
the 17th, in the order named: Pavia, Milan, Piacenza, Cremona, 
Parma, Borgo San Donnino, Modena, Ravenna, Ancona, Rimini, 
Padua, Vicenza. 

No more attention was paid at this time to the refinement dis- 
cussed in this Memoir than to many others. The deficiencies of 
record at Pavia and Milan were made good in 1901, as just de- 
scribed, but Borgo San Donnino was not revisited. 

In 1895, the custodian of the Cathedral of Borgo San Donnino 
allowed a survey of the pier spacings and height of arches to be 
made on a Sunday morning, during low mass, when the church 
was crowded with people. The custodian carried the pole with 
which the heights of the arches were taken and assisted with the 
tape in taking other measures. It was under such circumstances 
that a hasty sketch was made of a well-defined outward widening 
in the pilasters of the arch at the apse, where the absence of strong 
thrust, on the one hand, and the resistance to thrust, on the other 
hand, made out a thoroughly impregnable case of construction. 
An Alinari photograph, which has been recently procured of this 
church, verifies the sketch made at that time and also indicates that 
the same spread is found in the clerestory walls. The Alinari pho- 
tographs of recent date have been found to be very reliable as re- 
gards the vertical lines. 

During the same trip the Cathedral of Cremona was surveyed 
for the ground-plan and careful observations were made of a uni- 
form outward receding of the clerestory. The photograph repro- 
duced in Fig. 14 was subsequently made by a Cremona photog- 
rapher, by direction of the writer, and forwarded to the United 
States. The photograph is out of perpendicular and the drawing 
from it (unlike the other drawings of this paper) is rectified. In 
spite of the unreliability of the photograph as an exact record, the 
essential facts are shown by the drawing. 

Cremona Cathedral offers the only instance which has been no- 
ticed, of a defined inward lean below, which reverses to a strong 
outward bend above. By careful estimate, in sighting by the eye, 
the piers lean in about 6 inches on each side and the pilasters and 
clerestory walls lean outward about a foot on each side. The 
pointed arches of the vaulting are in perfect condition and are ab- 



PIG. 14. THE CATHEDRAL,, CREMONA. 
View looklDK toward the tacade on tbe left Bide of the oave. Prom a local 
photograph. Tbe drawing li corrected (or distortion. The piers lean Into the 
Dave, to the belsht of tbe capitals, and the pllaatera recede outward abore the 
capllalB. Tbe wldenlos of tbe nave U estimated at 24 inches. 
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soliitely without the depression which an accidental widening of 
two feet in the nave would have carried with it. 

Cremona was revisited in 1901, especially in order to take the 
heights of all the arches, a very difficult task to accomplish with a 
pole, on account of their great height. The widening was again 
carefully examined, but a photograph which was made of the nave 
in parallel perspective proved to be a failure, when it was developed 
at Pavia. On account of the great size of this church and the diffi 
culty of access to the clerestory openings, which are above the 
vaulting of the side aisles, it would be very difficult to take 
plumb measurements in this cathedral for the widening, but a good 
survey photograph would supply satisfactory means of measuring 
the exact amount. 

The vertical bend at Cremona is not essentially different in prin- 
ciple from that in St. Mark's at Venice, although it is differently 
planned. This Cremona bend grades towards another type in 
v/hich there is a curve or entasis in the nave pilasters without any 
marked recession. In the piers of the great arches which span 
the nave of the Pisa Cathedral, at the transept crossing, there is a 
well-defined vertical curve which leans out slightly into the nave 
and has a delicate return bend at the springing of the arch.* A 
certificate from the architect in charge of the Cathedral regarding 
this and other curves was published in No. i of these Memoirs. 

A fine illustration of this delicate vertical curve is found in the 
Cathedral of Vicenza (Fig. 15), under circumstances which elim- 
inate all possibility of explanation from accidental causes. As in 
the quoted churches at Pavia and Milan, the pilasters in the Vi- 
cenza Cathedral face chapel walls of great depth (25 feet) with the 
difference that these chapels open directly on the nave (Fig. 16). 

These vertical curves were noticed on October i6th, 1895, the 
day before sailing from Genoa, and were photographed on Sept. 
1st, 1901. Similar vertical curves have been noticed in other 
churches, but nowhere, outside of S. Paolo Ripa d*Arno at Pisa, 
where the conditions were so absolutely satisfactory for a demon- 
stration of constructive existence. In S. Paolo Ripa d'Arno the 
vertical curves are found in fiat pilasters which frame the arch of 
the apse and which are projecting members of a solid wall. These 
curves were measured and photographed in 1901. Enlargements 
of these photographs are exhibited in the Brooklyn Museum. 

These instances at Vicenza and Pisa will undoubtedly react 
on the view which will ultimately be taken of similar vertical 
curves in other churches, but it is not advisable at present 
to quote doubtful cases. In all vaulted churches with side aisles 
which are lower than the nave, the aisle vaultings thrust in such 

♦Architectural Record, Vol. VII., No. 1, p. 7". 



FIG. 1-'.. THE CATHEDRAL, VICENZA. 

rv«y photograph of liUII. Sbowlng delicate verilcal curv«s In the plera. 

(ion? of thrust ar« ahown b<r Fig. IG. 
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a way as to tend to produce this kind of a curve accidentally, and 
this tendency is accented by the upper thrust of the higher nave 
vaulting in the opposite direction. Under these circumstances 

two demonstrated cases Hke those of S. 
Paola Ripa d*Arno at Pisa and the 
Cathedral of Vicenza are worth more 
than hundreds of probabilities. What- 
ever may be found in the future it is im- 
possible to suppose that these instances 
could be isolated and they prove the 
whole point at issue, viz., that mediaeval \ 
architecture does exhibit very subtle re- 
finements in vertical lines. The absence 
of aisle thrust at Vicenza is a notable 
and rare occurrence. 

Although somewhat aside from the 
direct problem of this Memoir, all ob- 
servations which demonstrate the exist- 
ence of mediaeval architectural refine- 
ments in the treatment of vertical lines 
have the greatest possible value for the 
ultimate comprehension of the system 
of verticals which diverge outward. 

The Cathedral of Siena shows in the 
ruined and uncompleted part which was 
to have been the new nave, a very pro- 
nounced case of outward curving verti- 
cals in the piers. In three separate 
visits to Siena, twice in 1895 ^"^ once in 
1901, I have studied these piers without being able to decide 
whether thrust had only accented, or whether it had wholly caused 
these bends. Any expert who examines them without knowing 
of other positively constructive instances will certainly decide that 
thrust is the only cause. I am not certain that it is, and should 
not like to affirm that it is not. 

In order not to omit any known instance of the spread in Italy, 

reference is made here to the Cathedral of Aosta as made known 

to me bv my friend, Hugh D. Rooper, Esq.. Retired Commander, 

Royal Xavy. of Richmond, Surrey, England. The date of the com- 

• munication making this announcement is August 12th, 1902. 

S. Giorgio Maggfore at Venice. 

The evidence supplied by the mentioned churches at Orvieto, 
\'icenza, Pavia. and Milan, is so firm and definite that it has seemed 
possible to waive. in this Memoir, those details regarding the church 




FIG. 10. THE CATHEDRAL. VICEXZA. 

Prom a Survey photograph of 1901. Show- 
ing the depth of the chapel walls. 
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FIG, 17. S. GIORGIO MAGGIORE, VENICE 
Prom ■ Survey pbotoErHpb ol llHIl. View looking across 
toward the rlgbt aisle. Tbe plumb-line, of broad black tape, la 
by > pole. Tbe pilaster leans .'ii^ IncbcB In 20 reel. 
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of S. Maria della Pieve at Arezzo which have been previously pub- 
hshed.* Before taking up the important case of St. Mark's at 
Venice, we have to record a remarkable survival of "outward re- 
ceding" in the Renaissance church of S. Giorgio Maggiore at 
Venice, by Palladio. The facts were overlooked by all the mem- 
bers of our surveying partv in 1895. They were noticed and pho- 



PIG. IS. S. GIORGIO MAQGIOBK, VENICE, 
\e choir; (rom a Survey photogr«ph of 190J. Tbe widening la esUinated at 10 Ini-he 

tographed in 1901, on various dates between Aug. i6th and Aug. 
30th, inclusive. 

Fig. 17 shows the first chapel ts the right aisle, with a tape and 
piumb-bob hanging on the pilaster. This pilaster leans back 5^ 
inches in 20 feet, and the illuslration is typical for the entire church. 
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There is absolutely no thrust in question here, because the pilaster 
plumbed is part of the right side wall of the church. The view is 
taken looking along the fa<;ade wall of the church and the leaning^ 
pilaster on the right of the picture is part of this entrance wall. The 
purpose of the lean in Fig. 17, is obviously to work in a parallel to 
the outward receding of these great pilasters of the faqade wall. 

Fig. 19 shows the right aisle with a plumb-line on one of the pilas- 
ters. The lean is 5^ inches in 20 feet. The facts as represented in 
these pictures are uniform throughout the church. 

Fig. 18 shows the widening in the choir of S. Giorgio Maggiore, 
which is also uniform throughout the nave. The outward lean at 
the choir is not less than 5 inches on each side, between the capi- 
tals and the pedestals, a distance of about 30 feet. The plumbs in 
the nave were taken under great difficulties, on account of the dis- 
tance from the pavement to the capitals. The widening may be 
more than the 10 inches, at which the quoted plumbs would place it. 

It is, of course, apparent in this church that the strong entasis 
and the strong related diminution of the classic pilasters, are made 
the means of obtaining the outward divergence. It is also appar- 
ent that the diminution, applied to flat pilasters, as we find it in 
the choir, or elsewhere, in this church, is wholly unprecedented and 
wholly inexplicable as a classic treatment. I have already pointed 
out in the Architectural Record; Vol. VII., No. i, p. 92; that the 
entasis in the Teatro Olimpico at Vicenza, by Palladio, is applied 
to the flat surface of the pilasters in such a way as to produce the 
same vertical curve which is found in the .Qothic Cathedral of 
Vicenza. This peculiarity is also found in Palladio's church of th j 
Redentore at Venice. The Redentore has, however, no widening 
or outward receding. The same appearance, as regards use of the 
entasis (again without widening) is found in S. Stefano at Vicenza, 
by a pupil of Palladio. 

The conceivable suggestion that the widening in S. Giorgio Mag- 
giore is only the result of an exaggerated entasis is furthermore met 
by the observation that the leans are not found on those sides of the 
aisles which are adjacent to the nave, ahhough the entasis is equally 
strong on both sides. This fact has been tested by plumbs in both 
aisles, and it corresponds to the facts which have been found in the 
mediaeval churches as regards the aisles, viz., that the widening of 
the aisle is worked in wholly on the outer side. This will also ap- 
pear in St. Mark's. Thus, in Fig. 19, if measurement be taken from 
the upper and lower ends of the plumb-line to the edge of the pilas- 
ter opposite, the distances will be found equal. The entasis is ob- 
viously as strong on one side as on the other ; but on the left side 
of the aisle the pilaster is perpendicular, when its extremities are 
compared with the plumb-line. The same facts have been found to 



FIQ. 10 8 GIORGIO MAGGIORE, VENICE. 
The rigbt aisle; (rom a Survey photograph ol 101)]. Tbe black upe plumb- 
line ihoWB an outward lean of Wj InchM In 20 feet. There U a corrdpondlng 
cDtMli on Ibe 1e(t tide of the alile, but there ts no lean on that side. Compare 
teit. 
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occur in the other aisle. So in Fig. 17 the right pilaster leans back, 
but if measurement be made from the plumb-line at top and bot- 
tom, to the edge of the pilaster opposite, it will be found to be per- 
pendicular ; whereas the entasis is seen to be as strong on the one 
side as it is on the other. 

St* Mark's at Venice* 

It has been mentioned that the beginning of this special investi- 
gation, as distinct from the examination of other features of me- 
diaeval architectural refinements; which were generally first no- 
ticed in Pisa in 1870 ; was an observation in St. Mark's in that same 
year. 

The examination of St. Mark's in 1895 was made as carefully as 
the six days' stay in Venice would permit. Subsequent study of 
the church has been much assisted by the survey photographs 
which were made at that time. These were taken with every pre- 
caution which photographic science could suggest, to ensure a 
record for future use, especially as regards the vertical lines. These 
records have been abundantly tested and verified bv the plumbs 
taken in 1901. 

The main facts for the nave were shown in the publication of 
1897, by one of these photographs and were shown still more visibly 
by a tracing from the same picture; Figs. 20, 21. 

For the transepts, only tracings were published, as the original 
photographs were not suited for half-tone reproduction ; Fig. 22, 

As regards the main facts for the nave, they are now more ade- 
quately illustrated by three photographs (among others) which are 
reproduced in Figs. 23, 24, 25. These show the changes of direc- 
tion in the rising line better than Fig. 20, which does not reach far 
enough down into the nave for that purpose. 

In these pictures we are able to distinguish the nearly perpen- 
dicular piers, the outward inclination of the walls above the piers 
to the top of the parapet and the continued lean of less amount, 
and with a delicate return bend, up to the springing of the arches, 
The varying measurements for these various divisions of the ver- 
tical lines will be mentioned presently. 

One main purpose of the Italian trip of 1901 was to bring the 
publication of 1897 to the attention of Commendatore Pietro Sac- 
cardo, the engineering architect in charge of St. Mark's, and 
to obtain a certificate verifying the facts which were published 
as being facts of original construction, as far as that church might 
be concerned. The circumstances under which this certificate was 
obtained were as follows. 

My first call on Commendatore Saccardo was made at his resi- 
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dence on August i6th. He was politely sceptical as to any con- 
structive widening or spread in St. Mark's, but agreed to meet nic 
at the clnirch on the following day. We then met in the vestibule, 
where he drew my attention to a parting in the masonry over the 
main entrance, as indicating an accidental widening of the build- 
ir.fi. In reply to the question what the amount of the parting might 




be, he answered that it was about ten centimetres, or (our inches. 
I then entered the church with him and drew his attention to a 
widening of nearly three feet in the nave (about 2 feet 10^ inches at 
the transepts) without parting and without flattening of the crown 
of the arches. 

Signor Saccardo thereupon agreed that no yielding of supports 
would account for such a widening in the upper portion of the 
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church and that the arches and domes would have fallen, if the sup- 
ports had gone apart accidentally to such an extent. He frankly 
admitted that he had not previously realized the full amounts of the 
outward leans, as these were made known to him through the 
published measurements of 1897, ^^^ ^V using the illustrations of 
the Architectural Record in face of the given portions of the church. 

That the amount of these spreads has m)t been realized hitherto 
by other modern experts, has appeared by personal conversation 
with many of them. The reason for this oversight, as in the case 
of several similar oversights on the part of the members of our own 
survey, is, no doubt, that the leans are about sufficient to correct the 
perspective convergence in the vertical direction, so that the lines 
appear perpendicular to casual observation. It may be that this 
correction was one purpose of the widening. There is also a nat- 
ural tendency to attribute any individual deviation from the per- 
pendicular, which may be casually noticed, but not fully appre- 
ciated, as to amount, to accidental causes. 

During the interview with Signor Saccardo, wc spent much time 
in the galleries and among the facts which were pointed out to him 
were those regarding the terminal north and south walls (and par- 
apets) of the transepts (Figs. 32, 33). These walls lean back about 
16 inches (north) and about 15^ inches (south) up to, and including, 
the parapets, in a height of about 33 feet ; while the adjacent arches 
are perfectly true in both transepts. The arches nearest these walls 
would have spread, or parted, over a foot, in a width of about eight 
feet, if yielding foundations had caused a movement of the build- 
ing. This amounts to saying that the given arches would have col- 
lapsed. The leans of these walls were immediately conceded by 
Signor Saccardo to be constructive. 

Signor Saccardo's attention was also drawn, in the galleries of 
the transepts, to the columns which lean back against the gallery 
piers, with capitals which are level or tilted downward and not 
tilted backward like the columns ; Figs. 36, 37. He used the words 
'*lavoro immenso," "osservazioni fine,'* as these facts were pointed 
out to him. Many remarkable corroborations of the general main 
facts were only subsequently ascertained and therefore could not 
be made known to Signor Saccardo at this interview. 

Following our tour of the church he kindiv undertook to ascer- 
tain the amount of the forward constructive lean of the Porta della 
Carta, which he had been the first to observe and which is men- 
tioned in his letter. We plumbed this together.* 

At the close of our interview, which occupied the entire morn- 
ing, Signor Saccardo deputed Sigfnor Agazzi, who is in charge of 
the mosaic repairs, to give me access to all parts of the church for 

•.Memoirs. Vol. I., No 1 p. ID. 
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FIG. T2. NORTH TRANSEPT OP ST. MARK'S; FACIXO NORTH, 
TTaclDK from ■ Surver photograph of 1S!I3. The watt Id face leans north, up to and iBclud- 
Idk the parapet; 16 Itichea in about 33 test. Tbe pilaiters of this wall lace tbe north aod south 
walls ot tha Chapel o( St. Isidore. Compare Plaa 3 aod Fig. 31. The iraclns shows the east 
jDd west leaaa of tbe transept. Including those of tbe gatlery columns on the east side. The 
measurement entered on tbe tracing la an approilmale estimate, based on tbe known width of 
the transept, Tbe soutb transept sbowa Ihe same oonstrucllon. Compare Figs. 30. 37. 38, 
for the soutb transept. 
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the taking of additional measures and. photographs. Assistants 
were furnished, as needed for this work, from the employees of the 
Opera. I am also much indebted to Signor Agazzi for many cour- 
tesies and for his constant kind attentions, during the remainder of 
my stay in Venice. 

The Certificate* 

A few days after this interview the following letter came to hand, 
in answer to a request for an opinion on the widening of the nave, 
for an opinion on the outward leaning columns of the fagade* and 
for an opinion on the horizontal curves in elevation of the gallery 
parapets.f 

Signor Saccardo's qualifications as an expert on these points are 
undoubted. He has been for many years employed on the repairs 
of St. Mark's and has published a monograph on this subject. He 
has also been one of the collaborators on the text of the magnifi- 
cent publication of St. Mark's by Ongania. His researches con- 
cerning the piling and foundations of the church have been repub- 
lished by Boito, and by Mothes, in his history of mediaeval archi- 
tecture in Italy, which is considered the leading German authority 
on this subject. The diagram of the piling and foundations of St. 
Mark's which is published by Mothes, is credited to Saccardo.J 

BASILICA DI S. MARCO 

IN VENBZIA. 
DIRBZIONB DEI RBSTAURI 
B DBLLO STUDIO DI MOSAICO. 

Venezia, 19 Agosto, 1901. 
CiiiARissiMo Signore: 

Permettemi anzitutto che mi congratuli con Voi degli importanti 
studi che andate facendo da molti anni sopra i monumenti antichi 
e in ispecie intorno a certe particolarita di costruzione in gran parte 
sin qui ignorate e che rivelano sapienti e ingegnosi artifizi usati 
dagli architetti che li eressero, per ottenere effetti prospettivi sing- 
olari. Gia si sapeva come, per esempio, ne' monumenti di archi- 
tettura medioevale si avesse il costume d' inclinare all' infuori i 
frontoni e le cuspidi con gli ornamenti sovrapposti, come si fa 
anche in oggi per i quadri e per le statue. In particolare questo 
artifizio vedesi usato assai marcatamente nelle cuspidi della facciata 
principale della nostra Bascilica di San Marco ; non cosi in quelle 
delle facciate laterali, perche 1' architetto che le ricostrui, nei res- 
tauri di circa trenta anni or sono, non capi il magistero che aveva 
presieduto al loro collocamento e le mise a piombo. Lo stesso 
artifizio vedesi usato nella Porta della Carta del Palazzo Ducale e in 
tanti altri monumenti anche fuori di Venezia, come per esempio nel 
Sepolcro degli Scaligeri a Verona. Si sa del pari che nella stessa 

•Memoirs. Vol. 1., No. 1, p. 19. 

t Architectural Record, Vol. VI., No. 4. p. 503, 1897. 

tMothes; Die Baukunst des Mittelalters in Italien. Fig. 209. p. 794. Vol. II., show- 
ing the foundations of St. Mark's, is borrowed from the work of Boito, and so cred- 
it«»d. On D. 798 mention is made of the fact that Boito had republished the inve3tiga- 
tlons and drawing of Saccardo. 
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nostra Basilica la facciata principale e disposta in citrva sensibil- 
mente rientrante. 

Cosi 1 sei minareti della stessa facciata non sono eguali in altezza, 
ma vanno salendo da una parte e dall' altra verso la ciispide cen- 
trale. Che si fa eccezione qitello deir angolo sud-ovest, egli e 
perche fu rifatto in seguito ad un incendio e chi lo rifece non s' 
accorse deir artifizio e lo costrusse eguale al penultimo. 

Voi poi trovaste nuove particolarita di questo genere che io 
aveva sempre creduto accidentali, ma che essendo comuni a tanti 
altri monumenti devono accettarsi quali veri artifizi di costruzione. 
Tali sono le colonne della facciata della nostra BasiHca sensibil- 
mente pendenti all' infuori nell' ordine inferiore e a piombo nel 
superiore. Tali sono pure i piedritti interni sostinenti le volte mag- 
giori che V incHnano all' indentro, aumentando cosi notevolmente 
la corda dell' arco che si corrisponde, in confronto della base, senza 
che r arco presenti qualsiasi abbassamento o deformazione ; il che 
dimostrerebbe che cosi fossero stati disposti fino dall' origine. Tali 
sono finalmente i parapetti delle gallerie, composti a plutei, che 
vanno da un areata all, altra lungo le braccia della crociera, i quali 
sono marcatamente curvilinee con la convessita all' insii. Bisogna 
certo ammettere che specialmente in quest' ultimo esempio qualche 
deformazione possa essere stata causata, o per lo meno aumentata, 
dallo squilibrio dei pesi delle masse murali sopra un terreno cede- 
vole come quello di X'enezia. Tuttavia il caso e troppo costante 
perche si possa ammetterlo siccome puramente accidentale in via 
assoluta. 

Del resto gli studi che voi andate facendo sono molto interes- 
santi e possono condurre anche ad altre scoperte piu importanti 
ancora ; per cui sono a congratularmene e in pari tempo vi prego di 
credermi quale ho 1' onore di professarmi. 

Vostro dev. servo, 

PlETRO SaCCARDO. 

Sig. Wm. H. Goodyear, Curatore delle Belle Arti 
nel Museo di Brooklvn a Xuova York. 

TRANSLATIOX. 

Basilica of S. Marco in \'enice. 

Direction of Repairs and of the Studio of Mosaics. 

Venice, August 19th, 1901. 
\'ery Dear Sir : 

Allow me first of all to congratulate you on the important studies 
which you have made for many years of the ancient monuments 
and especially regarding certain particulars of construction which 
hitherto have been generally overlooked and which reveal inge- 
nious and scientific artifices, on the part of the architects who built 
them, for obtaining special optical effects. It has been already 
known how, for example, it was customary in mediaeval architecture 
to incline forward the gables and pinnacles, as is still done for pic- 
tures and statues. This artifice is particularly apparent in the pin- 
nacles of the principal fagade of our Basilica of San Marco, but 
not so in those on the lateral faqades, because the architect who re- 
stored them some thirty years ago did not comprehend the art 
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which had directed their original collocation, and therefore he set 
them upright. The same artifice [of forward leaning] is visible in 
the Porta della Carta of the Doge's Palace and in many other mon- 
uments even outside of Venice; as, for example, in the Tombs of 
the Scaligers at Verona. It is Hkewise known that the principal 
fai^ade of our l>asilica is constructed with an inward curve in plan.* 
The six pinnacles of the same facade are likewise of unequal height 
and so arranged that they rise tow'ard the centre. If the one at the 
southwest angle makes an exception, that is because it w-as restore! 
after a fire by one who did not perceive the artifice and who made it 
equal to the last but one. 

You, however, have found new* features of this kind which I had 
always supposed to be accidental, but which, being common to so 
many other monuments, must be accepted as true artifices of con- 
struction. 

Such are the forward leans of the columns of the lower order of 
our HasiHca faqade, whereas those over them are perpendicular.f 

Such are the interior piers supporting the larger domes, which 
lean inward, J thus considerably increasing the cord of the arch, as 
compared with the distance between the bases fof the piers] with- 
out any settlement or distortion of the arch ; which proves that they 
had been originally built in this manner. 

Such are, finally, the parapets of the galleries which connect the 
arcades of the transepts and which are distinctly curved in eleva- 
tion and with a rising convexity. It must certainly be admitted in 
this last instance that some distortion may have been caused, or at 
least augmented, by the pressure of the masonry masses on the 
yielding soil of Venice. However, the occurrence is too uniform 
t J be considered as purely accidental. 

For the rest, your studies are most interesting and may lead to 
other discoveries still more important ; for which vou are to be 
congratulated, and I beg you to believe me 
Your most humble servant, 

PlETRO SaCCARDO. 

[Engineering Architect in charge of St. Mark's at Venice.] 

The Plumbins: of St« Mark's. 

Nothing had been done in 1895 in the way of plumbing the 
church in detail, on account of the limited stay in Venice. In that 
year the effort to examine every important mediaeval church and 
cathedral in Italy and the study of many distinct phases of archi- 
tectural refinements, had involved a close economy of time as re- 
gards individual churches. 

The work was now undertaken of ascertaining the general direc- 
tion of the vertical surfaces and supports of the church, as far as 
this could be done with a pole and plumb-line from the pavement 
and by taking plumbs from the galleries. For the walls of the 



•Architectural Record, Vol. VI.. No. 4. 1897, p. 4W), and Fig. 44 of thla Memoir. 
tSee Memoirs of Art and Archaeology, Vol. I., No. 1, pp. 19-22. 
ji. v.. In the downward direction. 
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side aisles scaffolds or other special arrangements, involving time 
and expense, would have been necessary, and definite measure- 
ments cannot be quoted at present in the aisles, above the height 
which is accessible from the pavement. 

The work was tentative, hastily carried out, and subject to re- 
vision, as regards close accuracy; mainly on account of varying 
lengths of the plumb-line, when obstructions in the way of pulpits, 
benches, confessional boxes and steps were encountered. Allow- 
ances have also to be made for the fact that a plumb-line of 17^ 
feet was used in the nave, while a line of 15 feet was used in the 
transepts. Thus the pole measurements in the transepts are 
slightly under-stated, as compared with those in the nave and in the 
aisles of the nave. The measurements for the leans of the piers 
are also slightly under-stated if their whole height be considered, 
because they are surrounded by settees which prevent dropping 
a line to the pavement. 

The plans which are published for these plumbs are not final, or 
perfect, as regards details, but they show the necessity for more 
thorough and more carefully executed surveys. They reveal a 
very remarkable series of facts as regards the system of vertical 
widening, in all parts of the building, and as regards the uniformity 
of direction and relative equality of the vertical leans, at distant 
but corresponding points. An astonishing series of incidental cor- 
roborations has been brought to light for the general main facts, as 
already published for the nave. 

Measurements have been made by the plumb-line at a multitude 
of points, where even the suggestion of accidental movement is 
impossible. The correspondences in results at remote, but corres- 
ponding, points, render the theory of careless construction in the 
verticals equally impossible. 

In spite of the free-hand irregularities of construction in. this 
church, where errors of several inches and irregularities of marked 
amount can, in many cases, certainly be nothing more than bold 
and frank indifference to closely accurate work, it can now be 
proven that refinements of leaning verticals were planned, in which 
one-tenth of a foot in twelve feet was the amount of variation delib- 
erately sought in some cases. This appears, for instance, from the 
measurements for the widening in the north vestibule ; Plan I4,p.96. 

The quotation of the measures in decimals of hundredths of a 
foot has, however, no general significance and must not be sup- 
posed to argue any effort on the part of the builders at closely ac- 
curate results in every given case, or in all corresponding cases. 
The measures themselves prove the contrary, by their correspond- 
ences in direction, on the one hand, as compared with their varia- 
tions in detail on the other. The measures are quoted in decimals, 
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F-IQ. 23. NORTH SIDE OF THE NAVE OF ST. MARK'S. 

From a Survey photograpb ol 1!K)1. Ab compared with Fig. '20 (wblcb nhowa 
the wideping, but does not [Delude tbe bend), this view sbowg the outward bead, 
contrasted witb Ibe nearly perpendicular lower piers in the nave. The lamp chain 
furnishes a plumb-line. For plumb measurements compare p. (io. Tbe curre In 
elevation oF [he galler; BtrlDg-course and parapet Is alio ebowa. Compare Pig. 42 
tor the north gallery curve. 
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because they are so found in ihe note-books of record and they are 
generally mentioned without reduction to the more easily grasped 
statement in inches, in order that they may appear as taken. 

The general reasons for taking meas- 
ures in foot hundredths are well known 
to surveyors. These reasons do not at 
all imply that the odd hundredths are 
uniformly important. The reason is 
simply that measures cannot be quoted. 
or taken down, in uniform style, when 
sixteenths, eighths, or quarters of an 
inch have to be mentioned. For rapid 
work, and rapid uniform entry, a tape 
marked off in feet, tenths and hun- 
dredths, is much the most convenient. 
How much importance is to be at- 
tached to the odd hundredths in subse- 
quent reading of the measures is quite 
another matter and a careful examina- 
tion of this question has also been 
made (p. 97). 

The quotations will begin with the 
main general facts for the nave. 

The Nave of St. Mark's. 

The estimate of the survey of 1895 
for the widening of the nave at a given 
point (Fig. 21) was based on a photo- 
graph (Fig. 20) so taken in parallel per- 
spective and so carefully levelled for 
the true perpendicular that the amount 
of widening might be estimated from 
the known width of the nave at the 
pavement. 

This estimate is now supplemented 
and corroborated by plumbs taken in 
detail on each side of the nave, for the 
three separate divisions in its height up 
to the springing of the arches; viz., the 
piers from the pavement up to the 
moulding or capital, the pilaster cas- 
irg or wall from the capitals of the piers 
to the string-course which corresponds 
to the top of the parapet, and the mo- 
saic wall, from this string-course up to 



FIQ. 21, SODTH SIDE OF THE NAVE OF" 

ST. MARKS. 
TraclDK from a Surrer entargement o( 1901. 
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the springing of the arch (Figs. 23, 24, 25). Pole measurements can- 
not be taken in the gallery on this upper face of the wall at the 
points indicated by the estimate of Fig. 21. All three sections were 
therefore plumbed on the sides of the piers which are nearest the 
spectator in Figs. 23, 24, 25. 

The measures of the leaning verticals for these various divisions 
are given below so that they may be read from the pavement up, or 
from the mosaic wall downward, as follows : 

From the top of the parapet to the springing of the arch ; about 
13 feet. 

Left; 3I inches. Right; 5 inches. 

From the capital moulding to the parapet string-course; about 
12 feet. 

Left ; 8 inches. Right ; 8| inches.* 

From the settees on the pavement to the capital moulding of 
the piers ; about 18 feet. 

Left; I J inches. Right; ^ inch. 

Total: Left; 13^ inches. Right; 14:! inches. 

On the right side of the church, however, the two upper faces 
step back. At the capital of the pier the right pilaster steps back 
about 2 inches (Fig. 24). This is included in the plumb from the 
parapet ; but the stepping back of the mosaic wall at the parapet 
amounts to about 2^ inches. This lies between the plumb taken 
upward and the plumb taken downward, and must be added to the 
tctal widening, which thus amounts to about 30 inches for the 
given sectional plane. 

This result corresponds very closely with the estimate obtained 
from the survey photograph of 1895 ; allowing for the fact that the 
lower piers, at the point there considered, lean off more than those 
just quoted. 

They lean off; right, .17, as against .05 (Plan 4, p. 68). 

They lean off; left, .30, as against .15 (Plan 5, p. 76). 

This gives an extra widening of .27 or 3J inches, for the lower 
piers, which brings the sum total up to about 33J inches, without 
knowledge of what the variations may be for the ^wo upper divi- 
sions, at the point where the survey photograph of 1895 gives a 
total of 2.90 or about 34^ inches. 

An appearance in the church of having gone over to the right is 
produced by the leaning verticals of the right pier at the choir 
(Fig. 39). These are shown by the survey photographs to be more 
inclined on the right than on the left and they are easilv to be noted 



*Thi8 measurement on the right side of thp church includes a stepping back of 2 
inches, so that the actual lean is about lj% inches. The stepping back of fares is men- 
tioned in the trxl which foUcws. 



FIG. -Jo. SOUTH SIDE OF THE N'AVE OF ST. MARK'S. 
View from the pavemeDt; from a Survey photograph of IS'Xi. As com- 
pared with FlB. 20, which doea not Include the vertical bend, this view 
ahoWB [be nearly perpendicular lower plere. aa conlra!^ted with the change 
In vertical direction above tbeir capitals. It also shows the delicate re- 
turn curve of the mosaic wall, below the arch. The lamp chain furoiahea 
a plumb-llDe, For plumb measurements compare p. IKi. 
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in Fig. 39, as constructive. Measurements at this point by plumb, 
are obstructed below by the pulpit and cannot be taken at all from 
the galleries. The appearance in the church of having gone over to 
the right is also accented by the stepping back of faces, as already 
mentioned. Fig. 24, showing plumb-lines in position, is drawn 
from a tracing over a Museum enlargement, from the photographic 
series of 1901. 

Distribtftion of Widening: in the Nave as Regfards the Various 

Divisions of Its Heigfht* 

It has just been observed that there are three separate divisions 
in the sides of the nave up to the springing of the arches. The 
amount of incHnation in these various divisions appears from the 
quoted measures (p. 65) to be the greatest in the shortest division 
of all, i. e., the central division. For instance, on the left side of 
the nave the central division leans 8 inches in about 12 feet, 
whereas the pier below leans i^ inches in about 18 feet, and the 
wall above leans 3J inches in about 13 feet. It may also be observed 
that the comparisons of amount for each section tally very closely 
on the two sides of the nave. 

The sudden change in the amount of the leans above the capitals 
of the piers, which is indicated by these measures, is easily per- 
ceived in the photographs and in the building. At least, it is easily 
perceived after it is known to exist. Fig- 25 shows it with special 
clearness. 

This sudden increase of inclination at the given point, v^hich is 
found to be a uniform and constant fact in all portions of the nave, 
is a complete and decisive proof that no accidental movement has 
pushed these verticals out of plumb. Xo expert, who may have his 
attention called to this feature of the church in the building itself, 
will hesitate for an instant as to his verdict regarding construction. 

The conditions of resistance and support for this central vertical 
division of the nave, which is found to have the greatest inclination, 
are shown by the aisle views (Figs. 26, 30). Plan 3 (p. 62) will show 
that the detail measures for the nave were taken at a point where 
the whole length of each solid transept wall has to be reckoned 
with, in the matter of accidental lateral movement. 

The Aisles and Walls of St. Mark's. 

So far, the quoted measures have only supplemented in detail an 
observation for the nave which has already been published, which 
had already appeared to be of an impregnable character, and 
which has been verified as constructive by the engineering expert 
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who was in charge of the 
visit to Venice. 

As regards the matter w 
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Lhnrch at the time of my most recent 

lich follows, for the aisles and walls, the 
n'easiires were not onlv taken after the 
interview with Signor Saccardo, bnt the 
results obtained were not anticii»ated. 
It seemed advisable, before leavine 
\'enice. lo plnmb the church in detail, 
as far as it could he done rapiillv and 
this was nndertaWcn as a matter of 
record, but as a record which was not 
expected to supply any especially novel 
facts. Consequently the measures were 
not collated at the time when they were 
taken. 

The mere entry of them on a ground- 
plan, which is the essential preliminary 
to any comparison of results, could not 
be undertaken, owing to the pressure of 
other occupations, until September, 
1902. This will explain some de- 
ficiencies of the record. Its value lies 
in the suggestion that the work of a 
professional surveyor has been made 
necessary by its results. 

As regards the plumbs for the piers, 
the capitals could be reached with a 
pole, by standing on the settees, and no 
particular apologies are necessary re- 
garding these measures. As regards 
the walls, the measures have the value 
of bearing a definite relation to those 
of the piers, because thev were taken 
with a line of the same length on the 
wails of the nave (17J feet). This is 
really a material point, but the question 
as to the whole amount of the wall 
leans has still to be answered. 

This uncertainty is connected with 
the peculiar construction of the galler- 
ies of the church, which, aside from the 
ends of the transepts, are narrow 
passages standing free from the side 
walls, which therefore rise to the whole 
height of the building. There are, how- 



RIGHT AISLE OF ST. MARK'S. 



FID. 2G. THE RIGHT AISLE OF ST. MARKS. 
Accurate wasb drawlog, from a Survey eDiargemptil of 1001. Showing a pIumb-llDe oa 
Uie eDEaged columa. The plumb meaeureinenu ectered beaeath the drawing are louDd on 
Plan 4. Aa contrasted vltb the double ii ■ dauretnenl tor each pier In Plan 4. only one plumb 
la entered for each pier. This view haa the Importance ot ahowlng (he upper wall ol the 
alale. The enlargement indicates no change In Ehe vertical direction ol the wall until the 
mowlc surface li reached. 
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ever, several survey photographs which indicate continuous leans 
in these walls, up to the beginning of the mosaic wall (i. e. up to the 
height of the galleries), and these pictures were very carefully 
taken for future reference in the matter of the vertical lines. The 
enlargements which are exhibited in the Brooklyn Institute 
Museum have great value in this matter and the true perpendicu- 
lars are established for two of them with absolute certainty (Figs. 
26, 30). 

It is with reference to the aisles that we now agfain draw atten- 
tion to the fact that a very insignificant amount of the widening in 
the nave is obtained in the piers, between the pavement and the 
capital moulding. For the first three piers of the nave, on each 
side, the amount of leaning on the side of the aisles is as follows, in 
the direction from fagade to transept : 

Right: .12, .12: .00, .03; .10, .12 (Plan 4).* 
Left: .20, .20: .06, .12; .24, .20 (Plan 5). 

Whereas some of these amounts are insignificant, and would 
hardly be considered, were it not for the proven intention of the 
widening higher up in the nave, it will appear that the engaged col- 
umns of the aisle walls lean outward in much greater degree (Plans 
4, 5). These engaged columns of the aisles determine the domi- 
nant vertical effect of the walls, on account of their strong projec- 
tion and massive size (Figs. 26, 30). The piers which continue the 
lines of the aisles across the transepts are also so placed as to line 
with these columns, as distinguished from the walls of the nave, 
and the pilasters of the transept walls at the entrances to the aisles 
of the choir are again placed in the same line with these engaged 
columns, as distinguished from the walls of the nave. Thus the ver- 
tical effects of the aisles are determined by the columns and by the 
piers and pilasters which are lined with them. 

We will now consider that portion of the entire plan of the 
plumbs which is limited to the right aisle ; Plan 4. 

Among the remarkable facts disclosed by this plan, we note the 
uniformly higher average of the wall and column leans as against 
those of the piers of the nave. The maximum lean of the nave 
piers on the right side, is .12, or i^ inches. The maximum lean of 
the engaged columns is .43 or 5J inches, and the minimum is .35, 
(Fig. 26.) 

W'e next remark the arrangement by which the piers in the tran- 
sept are leaned off so as to maintain a parallel direction with the 
verticals of the engaged columns of the aisle (Figs. 27 and 29). 

We next notice the continuation of this parallel outward slope 

*Ab each pier was plumbed twice on each side, at the points marked by darts, the 
measures are quoted as taken. 



FIG, 27. RIGHT AISLE OF ST. MARK'S, AT THE CHOIR. 
drawlQB from a Survey en large meat ot 1001. Tbe photograph Includes a plumb- 
line. The pier In the [oreground U also seen in FLg. 20. The plumb meaauremenis are taheo 
from Plan 4, and allowance hag been made Id the eotry of .40 for the eotire height of the 
pier. The pier In the foreground racea the pier in Fig. 2'J. For tbe contraal 
between the two sides ot the pier in the foreground {.Tif, and .30) compare lex 



ST. MARK'S. BAST PIER. SOUTH TRANSEPT, AXD 

PILASTER IN THE REAR. 
> dr&wlne from a Survey eolarKement oC 1901. Tbe photosrapb 
vaa takE-n to show the plumb-line hKDKlDg on the wall pilaater, nblch leans .25, 
witli lice □( 16 (eet. This wall pttaster is thus constructed la parallel lean with 
the toreBrounil pier. Compare Plan 4. The foreground pier Is the same aa 
Bhonn in Fig. 27. The will pilaster Is shown more ctearlj, as regards altua- 
tloa and ceparatlon Irom the pier. In Fig, 'M. 



1 Ta .:m \ tu i ,41' 1 tj .r^i 1 : -a im I i— .tio~|-,4.i-! 

FIG. 2n, ST, MARKS. WEST PIER. SOUTH TR.VNSEI'T. AND WALL. OF THE 
SOUTH (RIGHT) AISLE. LOOKING WEST. 

From a Survey photograpb ol 1895. ShowlDg tbe upiwr wall of tbe right Hl9le In the 
direction oppOEed to that ot Fig. 2(!. Compare FIr. 4. The view Bhaws the perfect Torni 
Ot the arch In the transept aJid the diminished lean o( Oie transept column. Compare Fig. 
35 tor the adjacent archeii and eslumn?. Fo- conirBEt In Ibe plumbs on opposite Bides ol 
(he pier, compare texl, p. 77. 
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into the aisle of the choir in the pilaster which faces the east wall of 
the south transept (Fig. 2y). 

This leads us to consider the points in this series of measures at 
which even the suggestion of accidental movement by thrust or 
subsidence is impossible. One of these is the point just indicated 
where the lean of .40 is entered. This pilaster is a soHd portion of 
the south transept east wall. 

On the opposite side of the same pilaster (Plan 4) we read the 
measure .25 (line of 16 feet). Here the pilaster is purely a deco- 
rative formula and yet it continues the lean, parallel wath the sides 
of the piers which are in line with it in the transept. 

Fig. 28 shows a plumb-line hanging beside this pilaster. 

As regards questions of movement, or thrust, we also notice the 
engaged column entered in the plan as leaning .35 against the en- 
tire length of the west wall, south transept. Fig. 26 shows this col- 
umn and the plumb-line. 

Fig. 29 is a view looking back down this south aisle toward the 
west entrance. The columns facing the pier have been plumbed and 
are entered on the plan as leaning off .50 each, or 6 inches each. 
The pier itself has been plumbed as leaning south .60 at one angle 
and .47 at the other (on the north side) or an average lean of 
over 6 inches on the side which lines with the aisb. It was on this 
pier that the observation of 1870 was first made as regards the 
oblique cutting of the casing (p. 25). 

No attention was paid to the pier casings in 1895 or 1901, as it 
did not seem necessary to descend to this detail, but the conclusion 
based upon them in 1870 is now proven to be a valid one. 

We have so far confined our attention to the south aisle. Plan 
5 will enable us to compare the north aisle with it. The same gen- 
eral facts are found here, with the qualification that the wall meas- 
ures are not quite uniform. There are indications of a repair at the 
point where the entry of .03 toward the south is found on the plan, 
and more exact information is needed here as to repairs which may 
have obliterated the old construction. On the other hand, the 
facts are uniforrn for all the engaged columns and these determine 
the vertical effect by their heavy projection. 

Fig. 30 shows one of these columns with a plumb-line. The in- 
cHnation is 6 inches. This column leans against the entire length 
of the north transept west wall. Here again the theorv of thrust or 
accidental movement must be abandoned. Moreover, on the op- 
posite side of the north aisle wall the engaged columns lean'in the 
direction opposed to those inside the same wall (Plan 5). This ar- 
rangement is connected with the construction of a spread, or wid- 
ening, in the verticals of the north vestibule (Plan 14 or Plan 3). 

We now return to Plan 5, in order to notice the correspondences 



FIG. IW. LEFT (XORTH) AISLE OF ST, MARK^S. 

Accurate drawtos trom n Survey enlargement of lIM'l. Showing a plumb-llae on the 

engaged column and conllnualloa of parallel leana in (he transept plera and Id tbe alile 

of Ihe choir. Compare Plan o. trom which 'he plumb ineaauremenls under the drawing 

are taken. The enlry ot .40 Is an average tor the douhle measures on Ihe plan (.35 
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with the south aisle as regards the continuation o£ the leaning ver- 
ticals through the transept and into the aisle of the choir. 

At the beginning of the choir aisle we find the entry .32 for the 
].Llaster terminating the north transept 
east wail. Here again is a point where 
accidental movement is out of the ques- 
tion. The entry of .02 north, on the 
opposite side of this pilaster practically 
represents a perpendicular and does not 
repeat the interesting continuity of par- 
; allels observed at the corresponding 
point in the south transept, as shown 
h\ I'ig. 28. 
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The Transepts. 



We 



turn into the transepts 

(Plans 6, 7) and notice; first, that all 
four columns, in each transept (columns 
as distinct from piers), continue, with 
doselv corresponding measurements, as 
regards their own verticals, but in much 
less amount than the aisle sides of 
the adjacent piers, the north and south 
leans of the aisles and nave. 

There is one columnar lean of .,■(8; 
north transept, east side; but the aver- 
age for eight columns is only .26. 
There is no exception 10 the rule that 
the column next the pier leans more 
than the one next the wall. Most re- 
markable is the fact, to which there is 
no excep[ion. that every one of the four 
piers adjacent to the transept columns 
leans heavily on the side which lines 
with the aisle, but leans considerablv 
less on the side adjacent to the column. 
Thus in the north transept (Flan 6) the 
average lean of the west pier is ,40 on 
the aisle side and .17 on the column 
side. (These averages arc obtained bv 
adding together the two measures on 
one face of the pier and dividing by 
two.) 

The east pier in the same transept 
leans average .44 on the aisle side 



PLAN D. LEFT AISLE OP ST. MARK'S. 
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and average .28 on the column side. In the south transept 
(Plan 7) the west pier leans average .53 on the aisle side and aver- 
age .41 on the coUimn side (compare Fig. 29). The east pier in 




and columni. FIrb. 22, 31, 32, 



NORTH TRANSEPT OF ST. MARK'S. 

J feet on alt irao^t-p: walls 



e to thli plan. 



the same transept leans .56 on the aisle side and .30 on the 
column side (compare Figs. 27, 28I. 

The uniformity of these variations could not well be accidental 
and movement due to thrust or subsidence would have been the 
same on two opposite sides of one pier. An obvious explanation 
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would be that the columns of the transept are placed in line with 
the engaged columns which face the piers and are not in line with 
the piers themselves. These piers have therefore no counter 
thrust from the transept arches to assist in preserving their eijuili- 
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PLAN 7. SOUTH TRANSEPT OF ST. MARK'S. 
Sectional porllon of Plan 3. Flumba for a llQe of 15 f»et on traoiept trails 
id columoB. Figs. 33. 34, 35, 3U relate to this plan. Fig!. 37. 38, are gallery 
ewB Id tbia transept. 
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FIG. 31. ST. MARK'S. NORTH TRANSEPT. EAST GALLERY. 
Prom a Survey pbotograph of 1S05. Showing (be northward lean ot the norib wait. For plumb (rom 
the paraiKt, compare Fig. 32. The measures below the picture are pavement plumbs, line of 15 feet. Note 
the pllasler In uortbeaat Bagle of (be transept aUIe, with lean ,22. Colopare Plan G. Tbe arches are true. 
The view also showB a horizontal curve In elevation of ibe gallery parapet. Compare Figs. :t3. 34. ;i.") tor 
the eouth transept. 

briuiii. TlierefoFL' the leans were diminished on the outsi:le of 
each pier as a means to stability. This, at least, is a plausible 
explanation of a curious fact. 

It is also to he remarked that, in spite of the leans of these piers 
and of iheir engaged columns, the arches of the transepts are 
perfectly true (Figs. 29. 31, 34, 35I. 

The Transept End Walls. 

From the columns of the transepts we pass to the north and 
south walls of the transepts (Plans 6, 7). Here the leans increase 
to a phenomenal exlent. In three instances the pilasters of the 



FIG. 32. ST. MARK'S. NORTH TRANSEPT, WEST ANOLB. 
Accurate dr&wlDg From a Survey pboiograph of ISOo. UndEr the drawing are 
plumbE from the pavemcDl, with line of 15 feet (Plan G), By plumb from the 
parapet (about 33 feet) the pilaster leans nonb 16 inches (the same average 
ftlDoUQC for the entire north wall). Plan U showB approximate perpendiculars on 
the opposite ilde ot the same vhII. The arch adjacent to the pilaster Is true. 
Tbe adjacent column leans .18, or about 2 Incbee. Caiupare Fig. 31 tor tbe op- 
IwElle angte of lbs wall. Ckimpare FIs 33 tor tbe south transept. 
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end walls lean twice as much or over twice as much, in the same 
height, as the columns do. In the north transept the fourth 
instance shows no great change (east side). The adjacent arches 
are true in all cases; Figs. 31, 32, north transept; Figs. 34, 35, 
south transept. 

At this point, we are able to supplement the plumbs from the 
pavement by the plumbs which have been taken from the galler- 
ies. Before (|uoting these we shall, how-ever, stop to notice that 
these north and south leans are not only found in the pilasters 
which are in line with the columns, but that they also appear in 
the wall surfaces, throughout their entire extent, including the 
pilasters in the transept aisle angles (Plans 6, 7). 

The outward leans of these terminal transept walls are most 
remarkable. They are not appreciated by the eye as to their full 
amount, except by sighting, even when the observer has full 
knowledge of the measurements. These end walls rise only to the 
height of the galleries (Fig. 22). They terminate in parapets 
vhich also lean outward (Fig. ;i2).'^ Behind these are deep galler- 
ies reaching back to the exterior walls ; whereas elsewhere the 
gal.eries are narrow passages standing free from the walls. 

The broad pilasters which face these walls in line with the 
columns of the transept aisles, correspond to wall faces above, 
which rise to the springing of the arches (Fig. 32). 

The plumbs of the ground-plan for these walls, represent less 
than half the height to the top of the parapets and the plumbs 
from the galleries must now be quoted. 

By plumb from the top of the parapet in the west angle of the 
north transept (Fig. 32) the lean of the pilaster is 16 inches in 33 
feet (approximate height). 

By phmib from the top of the parapet in the east angle of the 
south transept the lean of the pilaster is 15^ inches in the same 
height. Fig. 33 shows the plumb-line which records this result and 
is the most remarkable picture of the entire series. This meas- 
ure is an understatement, having been taken from a plumb-bob 
hanging level with the top of a confessional box. 

By plumb of the face of the same wall near the center and to right 
of the door leading to the Doge's Palace the wall leans 13^ inches 
in 30 feet. (Fig. 35.) In this south transept gallery the central 
part of the parapet consists of an open railing which allows of 
dropping a plumb-line from the level of the gallery floor. The 
height is therefore less, than in plumbing from the parapet, as 
shown in Fig. 33. (In the north transept gallery the parapet is a 
solid wall, so that the line cannot be dropped from the floor level.) 

*This is a positive and remarkable fart for the solid parapet cf the north transept 
and was one of the points which especially interested Signor Saccardo. I have 
no record for the open railing of the south transept gallery. 



FIG. :& ST. MARK'S. SOUTH TRANSEPT, LOOKING EAST. 
Wasb drawing from a Sirrvey pbotoErapb ot lOOl. Tbe plumb-line bacglcg oa Ibe pilas- 
ter recorils a lean ot 15'..j Inches. The adjacent columo Jeans .20. or under li',-a Incbea. The 
arcbea are true; compare Fig. :U. The wall as plumbed near the centre leans l-f Inches, DOt 
Including Cbe parapet; line of 30 feel. Compare PI 
sIlG Elde of tbe soutb wall Itn tbe niagaztnel is noi p 
Tbe lean baa the same aniounl on both sMi^s (no entry 
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FIG. ;H. ST. MARK'S. SOCTH TRANSEPT. EAST GAU-ERY. 
Accurate drawing from a Survey photograph ot lSSi.1. See p. 101 tor the apparent obliquity in elev 
tloD, of the parapet, as an ittusion. Below the drawing are entries of pavement pluiobs. from Plan T. T 
star sbows the locality □[ the parapet plumb as represented In Fig. :i;i. TI 
clearly than Fig. '2S the alluatlon ot the vjall pilaster with lean .^.'i. It also 

east angle of the iranecpt aisle, with leas .27. The double leans at thece pliaBiers. east as we 
are entered on Plan 7. The curve In elevation of tbe gallery parapet Is to he noted. 

Let us now examine Kig. 3,^ «iih reference 10 the jjossible sug- 
pesiion of accitlental movement. In ihal ca.sc the wall would have 
moved awav from the adjacent arch about 14 inches at the level 
oi the lop of the arch (the whole lean heing more than 15! inches to 
1I1C top ot the parapetV This arch ilscH is onlv 8 feet wide. It is 
perfectly true and the column which supports it only leans .20 or 2i 
inches. This arch would have collapsed if the wall had gone over 
to the extent of 15! inches. 

I'ig. 34 gives a better view of these arches and includes a series 
of natural plumb-lines which are furnished by the lamp chains. At 
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PIG, :!.'.. ST. MARK'S. SOUTH TRANSEPT, WEST OALJ.ERY. 
Accurate wash (irawlrg, from a Survey photograph of ISIo. The star below the drawing ts near tbe 
location of the gallery plumb of 13 inches lean for the wall (line of 30 feet). The pavement plumb .3S 
marks the pilaster In the alale ang]?. Compare Plan T for the double leans. The colirmn leans of .25 and 
,30 are lo be compared with the pilaster (.4!)|, The column and wall abore this pilaster are perpendicular. 
The arches are true. The Rallery parapet has a curve In elevation, 

ihrctr other correspontliiig points the cunditinns arc thi- same, as 
regards the ruin which would have befallen the arches if the walls 
had niove<l outward accidentally. These points are shown by Figs. 

It is hardlv necessary to draw attention to the fact that in no 
instance does the column next to the wall pilaster show the same 
lean. In the pavement measures for the north transept (Plan 
6), the west pilaster leans .47 and the adjacent column leans .18, 
The east pilaster leans .35 and the colinnn leans .30 (the only clost 
approximation). In the south transept (Plan 7) the west pilaster 
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leans .49 and the column leans .25. The east pilaster leans .59 and 
the column leans .20. 

It has already been stated that the leans of these end walls were 
first observed in 1895,* that they were examined by Signor Sac- 
cardo in my company, and that they were included in his verdict as 
to construction, although not specifically mentioned in his 
certificate. 

In view of this verdict, it is really superfluous to point to the 
lines of resistance in the side walls of the chapel of St. Isidore (Plan 
6) and in the walls of the exit passage to the Doge's Palace (Plan 
7), or to point to the east and west walls bf the transepts, up to 
which these slopes are carried even in the pilasters at the angles 
of the transept aisles. 

It may, perhaps, be worth mentioning that both of these tran- 
sept end walls lean against thrust. The north wall leans against 
the vaulting of the chapel of St. Isidore and is perpendicular in- 
side that chapel. The south wall leans against the thrust of the 
vaulting of the magazine and of the chapel of the treasury. Inside 
the magazine the inclination continues; the chapel wall was inac- 
cessible. 

Before leaving Venice I took the levels in both galleries of the 
south transept. I found the east gallery of the south transept (Fig. 
34) to be level within .07, and the west gallery to he level withir 
.10 (Fig. 35). This proves that the depressions of the pavement, 
however caused, have not affected the galleries or the end walls. 
An apparent obliquity in Fig. 34 is an optical illusion, as explained 
at p. loi. The irregularities of the pavement are considered at 
p. 104. 

As regards the piers and walls of the transept galleries above 
the line of the parapet, they return very nearly, if not quite, to the 
true perpendicular in the south transept, Figs. 34, 35. At one 
angle of the north transept (east side) the upper wall is nearly per- 
pendicular (Fig. 31). The upper wall of the west angle shows a 
continuation of the inclination which is found in the pilaster below 
but in less amount (Fig. 32). The facts regarding the perpendicu- 
lars above the leaning walls are of the highest importance. They 
are especially well shown in Fig. 35, but also in Fig. 34; if it be 
noted that the wall face is more closely perpendicular than the en- 
gaged column. The drawings for these illustrations give strictly 
accurate reproductions of the verticals of the survey photographs. 
In both photographs and drawings the facts may be tested by the 
natural plumb-lines which are offered by the lamp chains in the 
centres of the pictures. 



•Architectural Record. Vol. Vll., No. 2, 181)7; Fig. «5. 
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East and West Widening: of the Trmsepts. 

The transepts have another system of leaning verticals, which is 
at right angles to the one so far described ; that is to say, a system ■ 
of widening from east to west (l-'ig. 22)- 
This system crosses the system of the 
nave and relates to the transverse di- 
rection of the transepts. But whereas 
in the transept system so far described, 
the verticals are nearly, or quite, per- 
pendicular above the parapets, with 
marked leans below; this second system 
shows a contrary arrangement, at least 
on the west side of both transepts. On 
the west side of both transepts the west- 
w ard leans are accentuated above as 
they are in the nave, but they are not 
found as regards the piers. Plan 3 gives 
a connected view of both transepts. 

The same piers which lean south .60. 
.47 (Plan 7) and north .45. .35 (Plan 6) 
and with engaged columns also lean- 
ing south .50, .50, and north, .28. .^8 ; are 
practically perpendicular, as regards the 
cast and west direction. In the adja- 
cent piers similar facts are observed. 

(In the other hand, l-'ig. .^6 shows the 
westward lean of the engaged column 
in the west gallery of the south tran- 
sept. The capital is set, however, so as 
to tip forward: undnub;edly so as ;o 
avoid the foreshortening of its carved 
decoration. Fig. 36 is an accurate wash 
(hawing from a Naya photograph. 

'■^'R' 37 shows the corresponding 
westward lean of the companion col- 
umn, as photographed in the west gal- 
lery of the south transept from the op- 
posite direction, and again with a capital 
which does not lean westward, but which 
is set to a level. The plumbing of this 
column gives a lean of .24, or about 3 
inches, with a line of length 9.64. 

I"'fi- 38 shows the leaning column, 
corresponding lo the last, in the op- 



FIG. 37. ST. MARK'S. SOUTH TRANSEPT, WEST GALLERY. 
LOOKING NORTH. 
From B Surrey photogr&ph of 1901. SbswiDg columo which la tbe mate of the 
gallery column ehowD b; Fig. 36. By plumh meaHUremeuC this column leans -west .24 
or 3 iDCbea Olne ot 9.64). The capital ti set to dip donnwaril and does not lean hack 
with the column. Typical tor the westward widening on tbe west side ot both tnin- 
septa. Compare Fig. 38 fir a column ol the east gallery. 
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FIG. 38. ST. MARK'S. SOUTH TRANSEPT, EAST OALI^BRY. 

LOOKING NORTH. 

From ■ Surver photograph of 1901. Sbowlug a leaning coIuditi. Io be compared 

with the plumb-line at the tamp chain. -The column U oppoElte lo the one abown 

by FiK- 37. For the north transept compare Fig. 22 tor the Icanlag columos at Ihe 

eait gall err. 
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posite transept gallery. The enlargements of these photo- 
graphs up to 25x35 inches, in the Brooklyn Institute Museum, are 
very valuable for illustration of the more remote columnar leans 
on the gallery walls of the north transept. 

As regards the piers on the east side of the transepts, all four 
of them lean east, from the pavement up. in amounts which are 
shown by Plans 6, 7, 8, and by Plan 3, which has the advantage 
of showing these piers in one connected line. The plumbs of the 
piers which are faced by the pulpits are especially interesting (Plan 
S. Fig. 39). 

We next observe the remarkable fact that these east and west 
leans are repeated in the same pilasters of the north and south 




t 

iO 






PLAN 8. ST. MARK'S. THE ENTRANCE TO THE CHOIR. 

Sectional portion of Plan 3. Compare Fig. 30. Pavement plumb with a 
line of 15 feet. Showing the double leans of the piers, as called for by the 
intersection of the north and south widening of the nave and transepts 
with the east and west widening of the trafisepts. Compare Plans 0, 7, or 
Plan 3, for the entire line of eastward hans, which extends to the pilasters of 
the north and south transept walls. 



transept end walls, which have been already described as having 
the phenomenal outward (north and south) leans. We now find the 
same pilasters showing also east and west leans (Plans 9, 10), 
obviously under conditions eliminating any possible suggestion of 
accident. 

Plans 9, 10, also show that the same east and west leans arc 
repeated in the pilasters of the transept aisle angles which have 
already been specified for north and south leans. Thus each 
one has a double lean, like the pilasters just mentioned. (No meas- 
ures were taken in the northwest angle of the north transept on ac- 
count of the modifications in plan which are connected with the 
exit.) 

We next notice the east transept walls (Plans 11, 12); with leans 
uniformly east: and with pilasters, at the turn into the choir, also 
showing double leans. The north and south leans at these points 
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PLAK 9. ST. MARK'S. NORTH 

TRANSEPT, NORTH WALI* 
To Illustrate the east and 
west wldenlBg sysLem of tbe 
three pllasteTs. The northeast 
angle pUaEter, leaaiDg .30 eaal 
•lid .22 north, Is Bbown br 
Fig. 31. OD wblch the eastward 
plumbs are omitted. 



lUui 



rate 






west widening eyatem of the 
four plies tera. The BOUttieiut 
angle pilaster, leaning ,20 east 
and ,27 south, U shown by 
Fig- 34. on which the eastw«rd 
leans are omitted. The south- 
angle pilaster 
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■ Fig. 



I south. Is 
which 



westward plumbs 
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have already been described in connection with the aisles of tlie 
nave (pp. 74, 76, Fig. 27). 

Here again are points where the constructive facts are beyond 
cavil of any sort. 

The west walls of both transepts show uniform outward leans, 



PI.AN 11. ST. MARK'S. NORTH TRANSEPT, BAST WALU 
To Illustrate the eailwird wldenlDg Bratem and the double lean at the choir 
angle, as called tor hj Its tnteraecUoQ with the north and south system. This 
pilaster, leaslug .42 east and .32 north, la ehoim b; Fig. 30, on which the enlrj' 
o[ .32 north denotes It. 

but of insignificant amount (Plan 3). It has still to be ascertained 
what the facts may be above the height of 15 feet. The repetition 
of the same slope in the pilaster of the southwest aisle angle of 
the south transept is significant and leads us to pay more attention, 
than we otherwise might do, to the small amounts of leaning in 



'.4 



PLAN 12. ST. MARK'S. SOUTH TRANSBPT, BAST WALU 
To Illustrate the eastward wldeolag system and the double lean at the choir 
angle, as called tor br Its IntersectlOD with the north and south system. This 
pilaster, leaning .28 east aad .40 south. Is shown by Fig. 27, on which the entry 
of .40 south aad tbe plumb-line denale It. The opposite side o( the same pilaster 
Is shown by Fig. 28. 



these walls. The slight amount of these measures for the height 
recorded, repeats a peculiarity already described in the west line of 
transept piers which corresponds to them (p. 86). These have been 
already noted as practically perpendicular as regards east and 
west direction (Plan 3.) 
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Widening of the Choir. 

As regards tlie casing na'.l of tlit- clioir, plumbs were taken on 
both sides. The pliinib-line measiiremcnt on the south side of the 
choir is shown by I'igs. 40, 41 : I'lan 13. For the length of line 
used (obstrnction farther down) ilie same amount of inclination 
was found on lioth sides, viz., 4 inches. The entire slope from 
pavement to parapet is probably about 8 inches. Xo plumbs were 



! CHOIR OF ST. MARK'S. 



FIO. 40. ST. MARK'S. VIEW OF THE A 
vlng trom a Survey enlargemenl of VM 
line appears In tbe original photOKraph. The l^an Is 
plumb-bcb. Compare Fig. 41 and Plan l.l. 



FIG. 41. ST. MARK'S. PLUMBING THE APSE;. 
Detail o( Fig. 40. Accurately drawn to scale, from an enlargement of tbe orlgtual 
photograph. The same amount □( wldmlng wae pluiobcd at the correBponding point on 
tho opposite Bide ol the choir. Compare Plan 13. 
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taken for the upward direction in the galleries of the choir. The 
downward tilt of the capital of the engaged column in the right 
choir gallery h very notable (Fig. 39). This appears to be another 



FLAX la. ST. MARKS. THE APSE. 
To lUlutratc the locaCloa ot the plumb-Ilae la FIsb. 40 and 41. Thete 
meaBurei are tbe only ones eotercd on aor of the ground-pltuia tor plumtn 
frwn the gallery, and are approxlmatloDB. Tbr abBtructloDs to accurals plumb- 
log are ebowa by Ftg. 40. 

case of an arrangement intended to evade foreshortening of the 
decoration of the capital. 

Westward Leans ia the Nave. 

We now return to the nave, in order to notice the westward leans 
of the piers (Plan 3). These are repeated in the engaged columns of 
the west (entrance) wall, which is perpendicular in the vestibule, on 
the other side of the gallery stairs. What the facts may be for the 
upper west wall has still to be ascertained. The measures for the 
limited height are not uniform in results on the northern half of this 
wall, but they are uniform as regards the engaged columns. The 
changes of direction in the wall may be due to repairs. It would 
have been easy to take plumbs from the gallery parapet, but I 
omitted to do this ; not having realized until myreturn to the United 
States, that as far as piers and engaged columns are concerned, 
the facts are uniform with those in the transepts. This is an omis- 
sion which results from lack of time to study carefully the results 
of the measures taken, while still in Venice. The omission of 
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plumbs for the columns of the nave has the same explanation 
(Plan 3). 

The Vestibules. 

The vestibule mcasnres have next to be considered. Plan 14 

shows the north vestibule which also has a constructive widening. 

The verticals of the west vestibule 

yi were not systematically plumbed, as 

^ there were indications that the columns 

ovi the right of the main central en- 

5 trance had been reset during modern 

repairs. 

Summary iot St Mark's. 



\\'e are now in a position to summar- 
ize the results of all these plumbs, as re- 
gards the correspondences of vertical 
I direction. 

There are eleven wall surfaces of the 
church, not including the vestibule 
walls, in which ihe system of an outward 
widening has been found. These walls 
are: the north wall of the nave; east, 
; north, and west walls of the north 
transept : north and south inner walls of 
the choir (outer walls not plumbed"); 
cast, south, and west walls of Ihe south 
transept : south wall and west wall of the 
nave. 

In two of these walls the system is 

discovered in all of the engaged col- 

unuts which give the dominant vertical 

effect to the aisles, although the mcas- 

PL^x 14. ST, MARK'S. NORTH ures. as found in the nole-book record. 

VESTIBULE. are not uniform as regards direction for 

To muEtraie the Bysiem ol widening- (|jp ^^-^^^^ themselves, up to the height 

The columns lesn in oppotlle directions . , . ^ , , „ , < 

on oppoBite sides of ibe church wall attainable. On one of these walls (north 

The length oi plumb-line was 11.70. wall of the navc) a survcv photograph 

shows the lean in the wall itself at a 

higher altitude and at the same point 

where a perpendicular was found by the line. For both of these 

vails the ((uestion whether repairs may have vitiated some of the 

measures has still to be examined and plumbs from above have still 

to be taken. 
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The whole number of pUimbs taken from the pavement inside 
the church and in the north vestibule was 169. 

All of these plumbs show uniform and corresponding results, as 
regards direction of the verticals, in the dominant direction for the 
given member or surface, with the exception above mentioned 
and an insignificant exception in the north vestibule. One column 
is perpendicular in the north vestibule and has probably been reset. 
(PMan 14). The perpendiculars on the south wall of the north vesti- 
bule can hardly be regarded as exceptions. The wall is very low 
and the columns project from it at such short intervals as to control 
the vertical effect. 

In all of those architectural members of the transepts, both 
pilasters and piers, where a double lean is called for, by the meeting 
or interFCction of the two systems of dominant leans, the double 
lean is found. 

Accuracy of Masonry G>nstructicn in St. Mark's* 

Certain results as to the margin or limit of error in the mechani- 
cal accuracy of the masonry of St. Mark's may be gathered from 
a comparison of some of the measurements. Before these compari- 
sons are made, it may be recalled that the appearances of rough 
construction are generally found in the galleries and in the surfaces 
which are covered by mosaics. In the marble casing of the church 
the close fitting of the slabs speaks for itself, and this pre- 
supposes careful cutting and accurate cutting, at least after the 
curves of the galleries have been recognized as constructive, 
together with certain other obliquities of the galleries which have 
been proven to be constructive at Pisa, and which probably are 
constructive here. 

To take up the tests for accuracy we will begin with the south 
transept end wall (Plan 10). The plumbs run as follows (outside of 
the pilasters in the aisle angles) : 

.55, .60, .59, .62. .r;o, .49, .46. 

The limit of error is therefore .16, or 13 inches in 15 feet. 

The series of plumbs from the pavement for the north transept 
end wall (Plan 9) is as follows (omitting the aisle angle): 

47. 47' 45' -35' 40- 
The limit of error is .12 or i^ inches in 15 feet. 

These discrepancies may, of course, be due to accidental move- 
ment, as well as to inaccurate building. We have already seen that 
the plumbs for the entire amount of widening in the nave tally 
within one inch, on the two sides, as regards the sum total, and that 
they also tally quite closely as compared for the three separate 
vertical divisions. 

If we examine the entire series of plumbs for the east side of 
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both transepts, including the aisle angles (Plans ii, 12) they are 
found to run as follows (the pilaster plumbs are entered in paren- 
thesis) : 

.30» -SO* -15. (42); (.28), .28, .17, .20. 

The slopes of the walls, as distinct from the pilasters, show an 
extreme variation, or error, of .15 or ij inches. This corresponds 
to the limit of error in the end walls. The pilasters (measures in 
parenthesis), at the angles of the choir walls, vary .14, or about if 
inches. 

Another test as to accuracy is obtained by comparing the meas- 
ures for the vertical deviations in piers which were certainly meant 
to be perpendicular on two opposite sides. 

For instance, the west transept pier in line with the south wall 
of the nave (Plan 4) has the following east and west measures : 
west side ; .02, .02, lean east : east side ; .00, .00. The limit of error 
here is .02 in 17 feet. The corresponding pier (Plan 5) in line with 
the north nave wall, shows inclinations on the west side of .05 and 
.10, leaning east; and inclinations on the east side of .03 and .05, 
leaning west. This pier must have been intended to be perpendic- 
ular as regards the east and west verticals. The limit of error is 
.10 in 17 feet. 

It appears also that the accuracy of the masonry varies with the 
amount of widening which was desired. Thus it is clear that 
the columns in the north vestibule were set to a maximum lean of 
.10 in II feet, with one error of .05 and one column perpendicular, 
which we must consider an error of .10, unless it has been reset by 
a modern repair. 

Some interesting conclusions are reached by comparing the 
piers of the nave. The leans on the nave side of the piers are given 
below: 

South Side (Plan 4): .15, .15; .05, .05; .15, .17. 
North Side (Plan 5): .17, .17; .10, .15; .30, 30. 

Here the limit of error, as regards the two angles on the same 
side of any one pier, is .05. As regards the contrast of correspond- 
ing measures on opposite sides of the nave the limit of error is .15. 
As regards variation between the piers of one line, the limit is 
close to .15. 

Let us next consider the opposite sides of each separate pier. 
We begin at the left nave pier next the entrance (Plan 5), adding 
together the measures of each side, dividing by two, and contrast- 
ing the results. 

First pier: The limit of error in contrasting the north and south 
sides is .03. 

Second pier: Error about .04, in contrasting the north and 
south sides. 
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Third pier : Error about .08, in contrasting the north and south 
sides. 

Similar comparisons for the right nave line of piers have the fol- 
lowing results : Limit of error ; for the first pier .03 ; for the sec- 
ond pier .04; for the third pier .05. 

These figures show, as regards single piers in the nave, that the 
variations from exact correspondence of two opposite sides may 
run up to .08 (line of about 17 feet). The figures also show that 
piers were intentionally leaned which do not lean over .10, because 
the uniform correspondence, as regards direction of the two sides, 
of piers which lean about .10 would be otherwise inexplicable. In 
other words it must not be concluded that a pier was meant to be 
perpendicular simply because it only leans .10. This would also 
appear from the north vestibule plumbs (Plan 14). 

These figures would also show that the much larger variations 
between the two sides of the four particular piers which have been 
described at pp. 76, yy must be intentional. It would be incredible 
that such correspondences of variation as are there described could 
be accidental inaccuracies and impossible that two sides of one pier 
should vary from accidental movement. 

It is extremely important to observe that there are only two 
piers in the church having opposite sides which do not lean in the 
same direction. These are the two west piers of the transepts 
which line with the walls of the nave. The west pier in the north 
transept (Plan 5) has the following measures for east and west 
direction. The opposite sides lean together, but very slightly ; .05, 
.10, lean east; .05, .03, lean west. 

The west pier of the south transept (Plan 4) has the measures : 
.02, .02, lean east on the west side ; .00, .00 (or perpendicular) on the 
east side. 

Strictly speaking, only one of these piers has sides which lean 
together, and there are only two piers in the church whose oppo- 
site sides do not lean in one direction. The small amount of varia- 
tion in the two instances is notable. For if variations of .20 or .30 
were due to inaccurate construction, we should find piers in which 
the opposite sides would diverge, or converge, to the amount of .40 
or .60. If variations of .10 were generally due to careless construc- 
tion, we should find piers in which the sides would diverge, or con- 
verge, .20. 

These comparisons lead to the result that practically none of the 
leans of St. Mark's are due to careless construction, although the 
venations of amount in different cases, as regards a given direc- 
tion, sometimes represent variations of accuracy in the masonry. 
We are thus obliged to eliminate inaccurate construction as a 
cause of the phenomena, by a process of reasoning wholly different 
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FIG. V>. ST. MARK'S. NORTH GALLERY OF THE NAVE. 

From a. Survey photograph of ISSr). Showing the curve In elevation at the parapet. Compare Fii 
alEO ehowg ihli curve. Similar curves are ahown b; Flsa. 31. 34. 35. 

from that wliicli was based on tlie series of correspondences at 
remote Init corresponding points. We are tiierefore reduced to 
three alternatives: systematic pnrposc. subsidence, or thrust, as 
being the cause of anv particular lean. 

It would be unreasonable to conceive that no accidental move- 
ments have taken place in a building as old as St. Mark's and one 
such movement has been mentioned in this paper (p. 56). It may 
be considered as proven, however, that no accideiual movement 
has taken place, in the particular verticals which have been plumbed 
by this survey, of a greater amount than ,15 in 15 feet, or in that 
ratio for greater heights. This limit of error, already established 
by our comparisons, may represent accidental movement, as well 
A^ the limitations of accuracy in the masonry. 
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Gallery Levels and Gallery Curves. 

There are some apparent obliquities in elevation in the galleries, 
suggesting settlement, which are simply optical illusions, produced 
by obliquities in plan. These are translated by the eye into obliqui- 
ties in elevation, which might then be naturally presumed to be 
owing to settlement of the piers and generally are so interpreted. 
For instance, in the accurate drawing from a survey photograph 
(Fig. 34) it is impossible for the eye not to assume a downward 
direction of the south gallery parapet from south to north. How- 
ever, if subsidence of foundations had taken place in connection 
with the quoted 15^ inches lean of the end wall to the south, of 
course, the parapet would be oblique in the contrarv direction. 

As already mentioned, I have taken the levels in this gallery and 
found the two ends of the curving parapet to be level within .07. 
The appearance of obliquity in elevation is due to an obliquity in 
plan which is shown bv the ground-plan, No. 3. 

When the photograph original of Fig. 34 was made in 1895, ^^^^ 
line of the transept wall was assumed to be the normal east and 
west line and the apparent obliquity of the gallery parapet is due to 
this error. After the obliquity in plan has been observed, it still 
appears to the eye to be in the east gallery rather than in the south 
gallery and is translated by the eye into a northward dip of the east 
gallery in the church itself, just as it appears in the photograph. 
The divergence of the east gallery from a true rectangle, as regards 
the south gallery, amounts to over 18 inches in 30 fqet. 

When the given obliquity in plan is seen above the level of the 
eye it produces an effect contrary to that of Fig. 34. Thus in Fig. 
33 the gallery appears to go down to the right. Here again the 
south transept south wall was assumed as the normal line. 

The parapet of the north gallery of the nave (Fig. 42) appears, 
to an observer in the south gallery, to dip downward in the direc- 
tion of the choir. I have taken the levels between the two ends of 
this parapet and found it to be level within .10. Here again an ob- 
liquity of plan (see ground-plan No. 3) is partly responsible for 
this appearance, but, aside from the effect of obliquity in plan, all 
the gallery curves in St. Mark's are built with a gradual rise and a 
rather abrupt dip at the end of the curve. 

This dip is well shown in the gallery and parapet curves which are 
illustrated by Figs. 31 and 34. There is a consequent appearance 
in the curves of being out of level and consequently an inference 
that they are due to settlement. It was to ascertain what might be 
the facts in this regard that I took the levels in the central north and 
south galleries of the nave and in the east and west galleries of the 



MEMOIRS OF ARCHAEOLOGY. 



south transept. No obliquities in elevation were found. The limit 
of variation from a true level was nowhere over .10. 

The two short galleries next the gallery over the west vestibule 
have marked obli<|uities in elevation (Fig, 43), but as soon as we 
notice that one side of the arch is longer than the other, it is evi- 
dent that they are not due to settlement. The drop of the short 
south gallery was found by level to be about .40. 

These notes bear in two directions. They draw attention to 
the construction of the horizontal curves in elevation, which are 
mentioned in Commendatore Saccardo's certificate and they tend 




FIG. 43. ST. MARK'S SOUTH SHORT GALLERY OP THE NAVE. 
TraclDg trom a Survey enlargement of 1901. Tbe E^UerT Is oblique .40, 
Tbe north sborl gaU«rr ol tbe nave has tbe Biune obllqulty. 



to show that the accidental movements in St. Mark's have not been 
of an important character. 

1 he general piohlem of the horizontal curves in St. Mark's is so 
bound up with the problem in other Italian churches and cloisters 
that we must dismiss the subject here, as far as the question of in- 
tention is concerned, with a reference to the verdict of Saccardo 
and with the remark that the existence of constructive curves in 
mediaeval Italian architecture has been decisively proven for other 
buildings.* 
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Horizontal curves in elevation are found in tlie main north and 
south galleries of the nave (Fig. 42); in the east and west galleries 
of the south transept (Figs. 34. 35) ; and in the east gallery of the 



FIG. a. ST. MARK'S FACADE, 



north transept (Fig. 31"). The west gallery of the north transept 
has no curve. There are also curves in plan in the transept end 
galleries. The careful cutting and fitting of the casing which is 
connected with the curves in elevation is shown by the halt-tones, 
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Figs. 31 and 42, and has been accurately reproduced in the draw- 
ings which were made for Figs. 34, 35. It is clear, if these curves 
had been due to settlement, that the casing must have been laid on 
after the settlement had ended. It would be absurd to suppose that 
any such series of uniform movements in all parts of the church 
had uniformly antedated the period of the casing. 

Fig. 44 shows the curve in plan of St. Mark's faqade which is 
mentioned as an aesthetic device in Signor Saccardo's letter. This 
curve was measured in 1895 as having ten inches deflection. An 
illustration was published in the Architectural Record, \'ol. VI., 
No. 4, 1897 ; p. 489. 

As regards the obHquities in the short galleries of the nave which 
have been mentioned (Fig. 43) they may be, and probably are, re- 
lated in purpose, to obliquities in the Pisa Cathedral which have 
been published and which have been verified as constructive by the 
architect in charge of the Cathedral.* 

The Pavement of St* Mark's* 

Many depressions in the pavement of St. Mark's are obviously 
due to accidental causes. One change of level in the pavement of 
the church is certainly constructive. This is a gradual upward 
slope from entrance to choir, amounting to 7^ inches (survey of 
1895). Inasmuch as eighty-five churches in Italy have been ob- 
served to have a constructive slope in the rising direction, from 
entrance to choir, there is no doubt that this instance is construc- 
tive.f 

There is no reason why the rises in the transept pavement toward 
the choir should not be of the same class. The fact that the transept 
galleries are found to be level as far as tested (no levels were taken 
in the north transept) indicates that these pavement slopes are also 
constructive. If change of level in the transept pavement were due 
to subsidence the galleries would be out of level. 

As regards the great rising curve of the pavement across the 
nave, which is especially strong near the choir, no expert should 
venture an opinion before examining the pavement of S. Donato at 
Murano. The ancient pavement, in opus Alexandrinum, of this 
church, has a rising curve across the nave of a very marked amount 
which is certainly constructive. This may be the first published 
mention regarding this curving pavement, although it has been no- 
ticed by more than one observer. The English architect Street was 
the first to announce that certain main undulations in the pavement 
of St. Mark's are constructive.} These undulations have undoubt- 



♦Memoirs of the Museum, Vol. I., No. 1, and Journal of the ArehsBological Institute 
of Ameiica, Vol. VI., No. 2. New Series. 

t Architectural Record, Vol. VI., No. 2; 1896- 
tBrick and Marble in the Middle Ages, p. 150. 
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edly contributed to the general oversight of the fact that the leaning 
verticals of St. Mark's are intentional. 

As regards the questions which are raised by the pavement of St. 
Mark's it maybe added that most instructive remarks on the science 
of piling as practiced in Venice, have been published by Mr. C. H. 
Blackall, an architect of Boston.* In 1885, when Signor Boni was 
in charge of St. Mark's, Mr. Blackall was able, with his co-opera- 
tion, to undertake the necessary excavations and to make an ex- 
haustive examination of the piling of the Campanile. It was proven 
by this examination that "the foundations have stood the test for 
centuries without moving an inch." 

In the i6th century Vasari mentioned in his Life of Arnolfo di 
Cambio, that the Campanile of St. Mark's "has never sunk, even 
by a hair's breadth." 

The weight of the Campanile is estimated by Mr. Blackall at 
about 13,000 tons. The piers of St. Mark's have individually only 
a fraction of such a weight to support and there is no cause to sup 
pose that they were less carefully founded. The special causes 
which led to the downfall of the Campanile have been mentioned by 
Signor Saccardo, in the Architectural Record, Vol. XII., No. 7, 
1902. 

From these various considerations we should again conclude 
that the accidental movements in St. Mark's have not been very 
important. These considerations were all mentioned in the "Echo 
from Evelyn's Diary," but for casual or inattentive observers the 
phenomena which have been described tend to suggest accidental 
movement by thrust and subsidence. It was on this account that 
the opinion of Signor Saccardo, who is so thoroughly 
familiar with the piling and foundations of the church, was so espe- 
cially desired, and it is on this account that the corroborations of 
this opinion, which were subsequently obtained, have been carefully 
narrated. 

The Question of Repairs. 

One main purpose of this publication is to forestall the farther 
obHteration of the architectural refinements of St. Mark's, which 
had assumed alarming proportions under the predecessors of 
Signor Boni and Signor Saccardo. 

The fall of the Campanile (which itself had a northward lean, 
not due to settlementf) is destined to awaken doubts as to the sta- 
bility of other ancient buildings and it is destined to draw attention 
to all leaning verticals in the ancient monuments and to awaken 
consequent suspicion as to their stability. 

•••American Architect" for August 29th, 1885. 
tSee the quoted article by Mr. Blackall. 
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The importance of calling the attention of the Italian authori- 
ties, of all European governments, and of all experts in charge of 
ancient buildings, to the facts which are herewith published is suffi- 
ciently obvious. The phenomena of the spread or widening are 
ccrtainlv not confined to Italv and they are certainly to be found 
there in many churches, aside from those described in this Memoir. 

The danger that authorities in charge of repairs may innocently 
destroy important features of architectural refinement is sufficiently 
apparent. St. Mark's, especially, should be handled as carefully as 
a canvas of Titian or a statue by Praxiteles. It may be not less apt- 
ly compared to a piece of old lace as regards the care which should 
be given it. 

That the danger is not imaginary is shown by the announcement 
in these Memoirs, Vol. I., Xo. i, that the lower line of columns on 
St. Mark's faqade has a constructive forward lean (as mentioned in 
Saccardo's certificate) and by the fact that the columns at the south- 
west angle of the faqade have been reset in a perpendicular position 
by the modern repairs of that angle. The incorrect resetting of the 
pinnacles and statues of the north and south facades has been men- 
tioned in Saccardo's letter. It also appears probable that the evi- 
dence for a widening in the west vestibule has been destroyed by a 
resetting of the columns. 

Although most of the churches in Northern Europe, and a cer- 
tain number in Italy, have still to be examined as regards the ex- 
istence of this remarkable refinement of widening the vertical lines 
in the rising direction, it is safe to predict that no other church will 
be found to show so consistent and far-reaching an application of 
it as St. Mark's. It is also true that this church is peculiarly ex- 
posed to the obliteration of the evidence, through repairs of the 
casing and the resetting of columns and through the natural pre- 
sumption that accidental movements are responsible for the de- 
flected verticals. 

Purpose of the Widening. 

The discussion of the purposes of this refinement has been 
avoided in this paper, as involving a possible element of debate, 
of uncertainty, or of difference of opinion; and because, the im- 
portant thing at present is to establish the facts and to induce ex- 
perts to consider the resulting effects in the given churches, and 
-especially in St. Mark's. 

The ultimate explanation of any such refinement must be that it 
iappeared to the builders an improvement, as against other churches 
which did not possess it. The ultimate essence of this improvement 
may probably lie in the feeling which leads us to prefer a free-hand 
drawing to a mechanically executed architectural elevation or archi- 
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tectural section. That the widening effect is an improvement in St. 
Mark's, as against churches which do not possess it, is indubitable 
in the opinion of the writer. 

To an age which has been thoroughly satisfied, for three or four 
centuries, with absolutely rectilinear buildings, with mathematically 
accurate measurements of construction, and with absolutely sym- 
metrical correspondences in all architectural members and features ; 
which has even exalted these things as an ideal of perfection in 
building; the whole subject of architectural refinements is a 
matter of difficult apprehension. It is probable, however, that no 
artist who compares a rectified and schematic drawing of any por- 
tion of St. Mark's with a survey drawing or photograph for the cor- 
responding view, will hesitate to prefer the latter. For example, let 
Fig. 20 be conceived as rectified and corrected into a drawing with 
straight and rigid upright lines and it will obviously lose charm 
and beauty. No other explanation seems really necessary. 

Nothing has been said, so far, of the fact that the great side 
arches of the nave also recede outward, in continuation of the ver- 
tical incHnation of the walls below (Fig. 20). This is a very essen- 
tial feature, and probably the most important element, in the gen- 
era^ effect of this device. If some attention be given to this detail 
it will probably be of material assistance to an appreciation of this 
refinement. 

In the case of St. Mark's there is no doubt that the effect of 
spaciousness in the upper portion of the church is much enhanced 
by the given device. It is also clear that the graceful bend of the 
verticals (for instance, in Fig. 25) is preferable to the rigidity of the 
straight line. The real question at stake is whether we have not a 
demonstration in such devices of the formalism and decadence of 
modern architectural taste. The most significant fact is probably 
the one that we have to labor for an explanation. It is quite cer- 
tain that those who are best aware of the admitted deficiencies of 
modern architecture will be most sensitive to the beauties which 
are undoubtedly inherent in this refinement. 

The fact that vertical curves of a very delicate character have 
been discovered by the writer in other churches is undoubtedly in 
point. The fact that vertical bends have been found at Cremona 
and Pisa, of a somewhat different character, should not be over- 
looked. 

It is also probable that a careful discussion of the vertical bends 
of St. Mark's would involve giving a less summary consideration 
to the horizontal curves of this church than they have received in 
this paper. 

The refinement of forward leaning and bending verticals on the 
faqade of this church has been discussed in the preceding Memoir 
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and has also its bearing here on the general question. So have 
those refinements in the setting of the pinnacles and statues of the 
facade which were discovered by Signor Saccardo. 

Various other architectural refinements of mediaeval ItaHan archi- 
tecture which have been elsewhere published by the writer, have a 
bearing on the general question. So also have those preliminary 
observations of Mr. Ruskin which preceded all others in this direc- 
tion, as far as mediaeval building is concerned.* 

If all these various devices be interpreted to demonstrate a pro- 
found distaste for formal and rigid architecture, it becomes easier 
to comprehend the widening of the verticals. Contrariwise it will 
be difficult to conceive that the widening and bending of the ver- 
ticals was intentional without giving serious thought to the signifi- 
cance of the horizontal curves. t 

A peculiarly interesting problem is offered bv the leaning walls 
at the north and south extremities of the transepts. In this in- 
stance a widening effect pure and simple can hardly be in question. 
The north and south widening does not continue above the para- 
pets to any marked degree and the faces of the walls which con- 
tinue the vertical lines of the pilasters of these walls are either per- 
pendicular, or bend toward the perpendicular, above the level of the 
f»arapets. It is difficult to suppose that a widening effect could be 
attempted by a device which does not widen above. In the second 
place these walls are, for the most part, seen in face. It would be 
impossible, moreover, in view of the distance between the transept 
walls, for the eye to include them in one view. It may be con- 
ceived that the widening in the nave would logically carry with it a 
parallel treatment in the supports and surfaces of the transepts, but 
it is questionable whether this motive would suffice to explain the 
additional amount of inclination. On the other hand, if the bend 
of the entire line, rather than the lean of a part of it, be considered, 
we find a motive which unites with that which must probably 
be ascribed to the horizontal curves and to the obliquities in 
elevation. 

The refinements of St. Mark's have peculiar significance, on ac- 
count of the rough, and to modern ways of thinking, frequently 
careless, workmanship in this church. No other important church 
in Italy is so roughly built in certain particulars. It is such work- 
manship, especially as shown in the use of heterogenous materials, 
which has given our modern critics the impression that mediaeval 
builders were incapable of subtleties. It is, no doubt, difficult for 
modern taste to understand the co-existence of offhand indiifer- 



•Seven Lamps of Architecture: "The L.amp of Life." A list of oublicationa by the 
writer, on architectural refinements, is given on the third page of the cover. 

tThe excellent article on "Reflnement.s." by Mr. G. L. Heins, In the Dictionary of 
Architecture, which has been edited by Mr. Russell Sturgis (Macmillan) offers a solid 
basis for future discussion. 
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ence to formal regularity with the carefully planned construction of 
intentional subtleties. But it must now be admitted that these 
things did co-exist. 

Outside of the buildings themselves, any satisfactory study of the 
phenomena, and of their purpose, must be made with the assist- 
ance of enlarged photographs. Illustrations of the size employed 
in this paper can hardly be considered as satisfactory, on account of 
the reduction of dimensions. The Brooklyn Institute Museum 
is, at present, the only centre in which such enlarged photographs 
are exhibited. It is believed that the importance of the facts which 
are ilfustrated by them is such as to make similar enlargements of 
value also to other institutions of learning. All of the drawings 
and half-tones which are mentioned in the titles of the illustrations 
as reproducing survey photographs, represent negatives which have 
furnished very satisfactory enlargements, with two exceptions. 
Many have the unusual dimensions of 25 x 35 inches.* It is 
hardly necessary to say that the drawings which are published, 
have been made with scrupulous fidelity, over tracings from the 
photographs. All of these drawings have been made bv Mr. Her- 
bert B. Judy of the Museum staff, with a few exceptions which were 
drawn or traced by Mr. McKecknie for the eariier Architectural 
Record publication. f The survev photographs, which are dated b} 
the captions of 1895, were all made by Mr. McKecknie under direc- 
tion of the writer. All photographs which are dated to 1901 were 
made by the writer. 

Disappearance of the Tradition* 

The problem offered by the disappearance of mediaeval archi- 
tectural refinements, without a survival of record or tradition re- 
garding them has been elsewhere considered by the writer.J It has 
been elsewhere shown that the number of Italian churches which 
exhibit architectural refinements is much smaller in the late Italian 
Gothic than in earlier periods and that these refinements dwindle 
very decidedly in amount and in variety, as the Renaissance period 
approaches. On the other hand, although it was undoubtedly the 
Renaissance which led to the abandonment of these refinements, the 
surveys of the Brooklyn Institute Museum have recently discovered 
very interesting instances of isolated Renaissance survivals of them. 
One of great importance has still to be published. Another 



*The exceptions are Figs. 26 and 34, but the right aisle is also represented by an ex- 
cellent unpublished enlargement, taken without the plumb-line. The illustrations whicli 
represent enlargements of size 25 x 3o inches are named on the second page of the cover. 
The Museum exhibit includes many unpublished enlargements of great importance. 

tThe following drawings and tracings were made by Mr. McKecknie: Figs. 3, 0, 21, 22. 

JEspeolally In the Architectural Record, Vol. VIL. No. 1, "A Discovery of the ETntasis 
in Mediaeval Italian Architecture." 1897, and in these Memoirs, Vol. I., No. 1, "A Ren- 
aissance Leaning Facade at Genoa." 
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was published in the last Memoir, and in the present paper we have 
the instance of S. Giorgio Maggiore at Venice. 

It is hardly necessary to re-emphasize the significant fact that a 
refinement was practiced as recently as the time of Palladio, of 
which only one literary record has survived, and that record made 
by a man who did not himself agree with the two architects who 
believed that the main building of the old St. Paul's "receded out- 
wards" for an optical reason. The disappearance of tradition, re- 
garding the mediaeval refinements shows that we have much to 
learn as historians. We are more than familiar with the overthrow 
and disappearance of classic ancient culture in early mediaeval Eu- 
rope, but we are less disposed to realize the overthrow and disap- 
pearance of the mediaeval culture which was effected by the Renais- 
sance. 

The isolated case of Renaissance survival which was shown for 
mediaeval leaning fagades in the preceding Memoir, is here paral- 
leled by an isolated case of Renaissance survival for the widening 
or spread. It may possibly be found in other Renaissance churches, 
but it is quite certain that it will not be found in many. 

It is probable, on the other hand, that a very considerable number 
of mediaeval instances remain to be noticed in Italy alone. It is also 
certain that a very large number of Italian Mediaeval churches and 
cathedrals, and many which show other refinements, do not show 
this one. 

No solid foundation for the study of mediaeval architectural 
refinements can be laid without systematic publication of the 
cathedrals and churches which are destitute of refinements. Gen- 
erally speaking, matters are in shape for such a publication, on the 
part of the Brooklyn Institute Survey, in the case of the Italian 
peninsula, as far as all the well known and generally quoted monu- 
n.ents are concerned. My experience has, however, led me to the 
conclusion that no refinement so easily escapes notice as the widen- 
ing refinement, and I am inclined to believe that it may have been 
overlooked by our examination in some instances. It may simply be 
said that all the well known churches of Italy, and many which are 
not well known, have been examined and that all known cases in 
Italv have been mentioned. Some known instances in northern 
Europe are reserved. 

Since there is no church in Italv in which this refinement is so 
widely and carefully applied as St. Mark's at Venice, the probabil- 
ities are at present that a Byzantine subtlety is originally in ques- 
tion, but farther researches in the original centres of Byzantine 
building must be made, before this can be considered as more than 
a probability. Nothing of the kind has been noticed in S. Vitale at 
Ravenna or in S. Ciriaco at Ancona. 
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The presence of this particular refinement in some churches, when 
considered in connection with its absence in others, shows either 
that the tradition was limited to certain masonic guilds or that it 
was limited to an esoteric knowledge, possessed and handed down 
by individual architects or master masons. Motives of economy 
may explain the omission in some cases. 

The given refinement has not been found in the large class of Ital- 
ian timber-roofed columnar basihcas, of which the Pisa Cathedral is 
the most famous example, although it is found, as mentioned (p. 
27), in the nave arch of the timber-roofed Cathedral of Trani 
and in the apse arch of the timber-roofed Capella Palatina at 
Palermo. Santa Maria della Pieve at Arezzo was also originally a 
timber-roofed building and, although it was vaulted by Vasari, it 
has been restored to its original form. It has, however, pier sup- 
ports and has other relations to Lombard and northern archi- 
tecture. 

In- conclusion it should not be overlooked that the world of 
archaeology is much indebted to Mr. and Mrs. August Lewis, of 
New York, and to the Trustees of the Brooklyn Institute Museum, 
for their encouragement and support of these surveys. 
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ARCHITECTURAL REFINEMENTS 

IN FRENCH GOTHIC CATHEDRALS AND EARLY 

BYZANTINE CHURCHES. 

Pteface* 

During the first and second quarters of the Nineteenth Century 
It was observed that the temples of the ancient Greeks exhibited 
a variety of intentionally constructed deviations from the exact 
symmetry and geometrical regularity which had been presumed 
by the earlier students and imitators of these monuments to be 
present in them. Straight lines, true perpendiculars, equidistant 
spacings, and uniformity of dimensions in corresponding parts, 
were found to have been generally avoided in Greek architecture. 
In 1849 C*Stones of Venice"), and in 185 1 ("Seven Lamps of Ar- 
chitecture"), Mr. Ruskin published observations, at Venice and at 
Pisa, of intentional variations from regularity in the dimensions 
of arcades and of intercolumnar spacings. His philosophy of 
these variations in the "Lamp of Life" is a profound and brilliant 
contribution to the subject. 
v,.^^In 1874 the author of this Memoir published observations and 
^^vTmeasurements of constructed bends, leans, obliquities, and curves 
» in the lines and surfaces of the Pisa Cathedral and announced the 
-^probability of a relationship of purpose, and of a historical con- 
^^nection as regards derivation, between these phenomena and those 
^'^hich had been found in the Greek temples. 
^ In 1895 the writer was employed by the Brooklyn Institute of 
;^ Arts and Sciences to make a general examination of the cathedrals 
^ and churches of Italy, in order to ascertain whether the phenomena 
c which had been observed at Pisa might be found elsewhere. A 
^ bibliography of publications describing some of the results of this 

examination will be found on the second page of the cover. 

i^ In consequence of these publications a continuation of this re- 

>i^ search in Italy was undertaken in 1901, and several publications 

o^were made regarding it. An important feature of the research 

<^was the making of photographic negatives and the preparation 

r-of cartoons of survey, to verify and illustrate the existence of 

various refinements of construction. 

-^ In the summer of 1903, this research was extended to Northern 

'N,yyi::ance and to the Byzantine churches at Constantinople. 

^^ The exhibit of photographs which is described by this Memoir 

^is confined to the photographic series of 1903. The original 

"- negatives of this series amount to some 330 in number, of which 

'-^126 have been selected for enlargement (86 of size twenty-five 



4 MEMOIRS OF ARCHAEOLOGY. 

inches by thirty-five inches and 40 of size eighteen inches by twenty- 
two inches). The entire number of negatives available for enlarge- 
ment in this series is two hundred and seventy, of which one hun- 
dred and sixty are available for enlargement to twenty-five inches 
by thirty-five inches, and one hundred and ten are available for en- 
largement to eighteen inches by twenty-two inches. 

The exhibited photographs of the series of 1903 are largely devoted 
to a system of architectural refinements which employs a vertical 
curve or bend in place of the normal perpendicular. Many of these 
vertical curves and bends are so constructed as to produce a widen- 
ing in the upper portion of the nave. In some instances the piers 
of the nave diverge in the upward direction in lines which do not 
curve. In other instances the outer piers or walls of the side 
aisles lean outward, in straight lines, to produce a widening, where- 
as the verticals of the nave lean outward in bends or curves. 

For a philosophy of the vertical curves and bends and of the 
"widening refinement" reference is made to Vol. i., No. 2, of these 
Memoirs of Art and Archaeology.* This publication also includes 
an account of the development of this particular branch of the in- 
vestigation, as far as the Italian churches are concerned. 

Arransfcment of the Exhibited Photographs. 

Whereas the majority of the churches so far examined in France 
belong to the latest period of mediaeval architecture, viz: the 
Gothic, and whereas many of the churches in Italy, which exhibit 
the vertical bends, or curves, belong to the earlier Romanesque 
period, the recent observations at Constantinople have had the 
great importance of demonstrating the existence of this refine- 
ment in Byzantine architecture of the Sixth Century. Hence an 
arrangement of the photographs which places first those from 
Constantinople, beginning with St. Mary Diaconissa, dating 599 
A. D. This church is now a mosque, known as Kalender Khaneh 
Jami, and is situated south of the eastern end of the Aqueduct 
of Valens. 

ST. MARY DIACONISSA. CONSTANTINOPLE. 

View of the widening, from the choir, looking toward the en- 
trance. Plumb-lines are suspended on either side. Surveyor's 
rod to right of centre.f Approximate width between piers at the 

^"The Architectural Refinements of St. Mark's at Venice; with remarks on other 
Churches showing a similar system of Leaning Verticals, especially those In Orvleto, 
Vlcenza, Milan, Payla, Bologna, and Arezzo, and including the Renaissance Church of 
8. Giorgio Magglore at Venice." Published by the Macmll Ian Company for the Brook- 
lyn Institlte of Arts and Sciences. 

fHavlng a height of 6 foet. with a disk 5H inches wide. The rod offers a convenient 
means of verifying or establishing measurements on the same plane in the photograph. 
The same rod Is used in all other pictures which are described by this list, and will be 
menUoned occasionally, lest it De overlooked. 



REFINEMENTS IN BYZANTINE CHURCHES. 



1. ST. MARY D1ACONIS8A. CONSTANTINOPLE. 

pavement twenty-five feet six inches. The widening at the spring- 
ing of the vaulting is sixteen inches, in a height of thirty-three 
feet. 

Detail of \o. i, showing plumb-line and surveyor's rod. 

Views from the right gallery (left in \o. i). looking toward 
the choir. These views show very pronounced vertical bends. On 
the side photographed, the bend has a deflection from the per- 
pendicular of eleven and a half inches in thirtv-three feet but is 
less on the side opposite. The perpendiculars are established by 
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Ti. AP3E, BALABAN AOA MBSJID. CONSrANTlNOPLK. 

the lamp-chains and by a plumb-line which is seen to be suspended, 
in No. 3, in the angle between the wall and the pulpit. 

This chtirch has the form of the Greek cross and there are cor- 
responding vertical bends in the transept arms, which intersect 
those shown by the photographs. For similar intersecting bends 
in St. Mark's at N'enice, see Memoir \o. 2, as quoted. For inter- 
secting bends and curves in French churches .see later numbers of 
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this series, especially those from St. Remi at Rheims (20, 21), from 
St. Quentin (41, 42) and from Amiens (43, 44). 

BALABAN AGA MBSJID. CONSTANTINOPLE. 

5 Apse of a small Byzantine church, undated and situated north of 
the ruins of the Aqueduct of Valens. View showing the widening 
refinement. Width of apse at the pavement, seven feet; width 
at the springing of the arch, seven feet five and a half inches. Wid- 
ening, five and a half inches in a height of twelve feet. A short 
plumb-line hanging from a nail on the right establishes the 
perpendicular; surveyor's rod on the right. There is no other 
widening in this church, which resembles the minor Coptic churches 
of Cairo. An extremely important photograph, as showing a By- 
zantine preference, from a decorative or aesthetic point of view, 
for lines which widen toward the springing of the arch. This is 
the only known Byzantine instance of the widening, out of four at 
Constantinople, in which the verticals do not bend. Hence 
the bend (or curve) and the widening must have been regarded 
as independently preferable, although they were generally com- 
bined. As the height of this apse is only twelve feet to the spring- 
ing of the arch, it also appears that the correcting of a convergence 
due to perspective cannot have been the purpose here. This again 
shows that the widening was considered as an aesthetic improve- 
ment aside from its possible use in large churches to correct per- 
.spective convergence and consequent appearance of narrowing 
in. Another instance proving that a decorative or aesthetic prefer- 
ence was one of the motives for the widening is found in the central 
arch of the upper portico of the faqade of S. Ambrogio at Milan 
(Memoir No. 2, Figure 9). 

No. 5 shows the vertical inclination to be strongest on the right 
side. This is a very frequent appearance. Notable instances of 
this same appearance are St. Mark's at Venice, Sta. Maria della 
Pieve at Arezzo, Notre Dame at Paris, St. Loup at Chalons, and 
St. Mary Diaconissa (choir end). 

Among other churches in which the widening is limited to the 
apse or choir, are the Capella Palatina, Palermo, the church of 
St. Radegonde at Poitiers, and the Schottenkirche at Vienna (late 
17th century Renaissance). 

CHURCH OF THD MONASTERY OF THB CHORAH, CONSTANTINOPLE. 

Dating from the Eleventh and Twelfth Centuries, now known as 
the Kahriyeh Jami and famous for its remarkable mosaics. This 
church is quoted by Fergusson and other authorities as having 
probably furnished the suggestion for the style of the primitive 
fa(;ade of St. Mark's. 
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View of the choir. Width of the apse at the pavement twenty 
feet. The widening is nine inches in a height of twenty-one and a 
half feet. There is an obvious analogy here with the form of the 
horse-shoe arch, as most of the widening is obtained by a rapid re- 
cession in the four horizontal bands of casing under the arch. 

The walls of the nave (faced with marble) lean off to right and 
left as in St. Mark's at Venice. There are also transverse leans 
in the transept walls. 

Sta* Sophia^ Constantinople* 

The most important instance of the widening and vertical bends 
at Constantinople is found in Sta. Sophia, but permission could 
not be obtained from the authorities for photography.* The bends 
are concealed by the large shields containing the names of the 
companions of Mohammed which have been suspended in the 
angles of the mosque. The best position for sighting the bends is 
one taken behind the shields. Excellent photographs of them 
might be obtained from such positions.. The large photographs 
of Sta. Sophia -which are sold by the Constantinople photographer, 
Sebah, and which are pieced together from six separate photo- 
graphs, do not show the widening, because the sections have been 
trimmed and fitted together so as to conceal it. The statement 
was personally made to the author by Mr. Sebah that he had 
considered the obliquities to be defects in the photographs. He 
subsequently examined the church with me and was deeply inter- 
ested in verifying with me the existence of the vertical bends. In 
view of my inability to procure permits from the authorities Mr. 
Sebah was willing to make photographs from special points of 
view selected in his company. Mr. Sebah is, however, not allowed 
at present to take photographs in Sta. Sophia and it was not pos- 
sible last Summer, nor has it been possible since that time, for the 
author to make use of this acquaintance for the procuring of pho- 
tographs of the bends. 

The lack of photographs from St. Sophia is more especially to be 
regretted because the string courses of the side galleries exhibit 
strong horizontal curves in plan, convex to the nave, of about 
twelve inches in amount. These curves are similar to those of 
the Pisa Cathedral and some other Italian churches and are un- 
doubtedly constructive. Horizontal curves were not found in any 

^To be strictly accurate, however, permission was accorded by the First Secretary 
of the Sultan, Tahsin Pacha, who is the supreme authority of the Turkish state, in such 
matters. The necessary advices were not however forwarded from the Palace to 
the Ministry of Mosques and no efforts could secure the carrying out of this necessary 
formality, during two weeks' stay In Constantinople. Acting under instructions from 
Mr. Leishman, the American Minister, the First Dragoman of the American Lega- 
tion, made two calls at the Palace in order to obtain the permission, and I was person- 
ally present at one of the interviews with Tahsin Pacha, in which the permission was 
accorded. 
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other of the Constantinople churches. They have already been 
dated to the Sixth Century in S. Apollinare Nuovo at Ravenna 
by the observation of 1895 (Arch. Rec, Vol. VL., No. 4). 

That the horizontal curves of Sta. Sophia are derived from those 
of classic antiquity may be regarded as a positive certainty and By- 
zantine derivation for the mediaeval horizontal curves must also 
now be conceded. The most important publication so far made for 
mediaeval horizontal curves is that in Vol. VI. , No. 2, of the Jour- 
nal of the Archaeological Institute of America. This is the only 
extant publication in which the curves of the cloister of the Celes- 
tines at Bologna and in the cloister of S. Zeno at Verona, have been 
illustrated. 

The church of Ss. Sergius and Bacchus has no widening and 
no vertical bends. The church of St. Irene is used as a Turkish 
armory and could not be examined. 

The widening of Sta. Sophia is mentioned by the contemporary 
author, Procopius. In Lethaby and Swainson's work on Sta. So- 
phia the following passage occurs on page 25, in the translation 
of the description which Procopius gives of the interior: — "The 
building rises from the ground not in a straight line, but setting 
back somewhat obliquely.*' 

Vertical Curves and Bends in the Romanesque* 

As the vertical bends are more systematically and extensively 
employed in St. Mark's at Venice, than in any other church in 
Europe (the details of the intersecting systems are developed with 
incredible ingenuity and elaboration in that church, as shown in 
Memoir No. 2), it is now positive, in view of the observations at 
Constantinople, that the vertical bends and widening in later 
mediaeval architecture have a Byzantine origin. 

As regards the Romanesque period in Europe reference must be 
made for the present to the publication above quoted for the 
Romanesque in Italy. In France the observations have been so 
far mainly limited to the Gothic; by reason of the fact that the 
localities visited were mainly in Northern France and almost 
wholly such as do not contain Romanesque churches. 

Plan of Arransfement for France. 

No observations outside of France were made in Western Eu- 
rope in 1903, with the exception of those in Strassburg and Vienna. 
The order of arrangement of the photographs from French locali- 
ties is controlled mainly by the wish to place first those which 
offer the most remarkable evidence of intentional construction. 
The views from Notre Dame at Paris are placed among the last, 
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S. THB CHOIR. 8T. LOUP. CHALONS. 

because they represent many remarkable features which are wholly 
distinct from the vertical cnrvature and the widening, 

9T. IjarP. CHALONS. Nos. 7-11. 

Views of the N'ave. In \o. 7, lamp-chain plumb-line, and sur- 
veyor's rod right of entrance to the choir. In No. 8 the plumb-line 
hangs from a nail on the right side of the right pier, close to the 
window. Width between piers at the choir twenty-four feet. 
Amount of widening at the choir thirteen inches in a height of 
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«. THB RIGHT AISLB. ST. LOUP. CHALONS. 

thirty-two feet. The most pronounced lean is on the right side 
(see No. 5). St. Loup is a rare instance of a church in which the 
piers of the nave diverge outward in straight lines, with leans be- 
ginning at the pavement. The churches of St. Thomas at Strass- 
burg and of the monastery of Montierneuf at Poitiers are other 
instances in France (Kos. 12, 13, 127-129). Churches of this class 
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in Italy are S. Ambrogio, Milan ; the Cathedral of Perugia and 
Sta. Maria della Pieve at Arezzo (Memoir No. 2). 

Portions of the windows at the ends of the aisles are visible in 
this view. These windows abut directly against the leaning piers 
of the choir and lean off with them to right and left. The follow- 
ing view shows the window of the right aisle in which the leaning 
construction is most pronounced. 

9 Window of the right aisle built with leaning mullions. These 
mullions are set obliquely with reference to the base of the window, 
which is set level. A plumb-line is suspended from a nail to the 
right of the window. ' (The pole by which the tape has been lifted 
to the nail is also leaning against it.) The pilaster to right of the 
plumb-line leans oflf about seven inches in twenty-four feet. Sur- 
veyor's rod placed horizontally on the altar. 

Sympathetic, or parallel, leans in windows are also found at 
Amiens (No. 62) and in Notre Dame (Nos. 99, 100). They also oc- 
cur at St. Quentin (photo, not yet enlarged, No. 298, Series of 1903). 
These sympathetic window leans are related to a system of sym- 
pathetic leans in the setting of triforium or gallery columns (St. 
Quentin, Nos. 37-40; Amiens, Nos. 54, 59, 60; Notre Dame, Nos. 
71-74). They are also related to similar arrangements in the set- 
ting of transept piers (Amiens, Nos. 54-62) and in the setting of 
engaged pilasters (St. Mark's, Venice, see Memoir No. 2). The 
motive is obviously to avoid contrasts of adjacent leaning and per- 
pendicular lines which would lead to the detection or displeasing 
prominence of the primary leans. 

10 Left aisle, looking toward the fa(^ade. Plumb-line suspended 
from second pilasttr on the right; surveyor's rod near the line. 
The leans vary from one to three inches with a line of nine feet. 

1 1 First chapel of left aisle. The plumb-line from capital shows lean 
of three inches in nine feet. Surveyor's rod beside the plumb-line. 
The outer wall of the chapel seen on the left is perpendicular. The 
inference as to constructive facts is obvious. 

The curate of St. Loup is familiar with the constructive facts 
illustrated. He mentioned that the architect in charge of the 
church (a M. Aubertin) knew of the facts as constructive, and that 
he explained them as related to the principle of the horse-shoe 
arch. The curate is disposed to have the window of the right 
aisle rebuilt, because the lines of the mullions appeared to him to 
contrast disagreeably with the perpendiculars of the lamp-chains. 

The curate called attention to a drop in the height of the vault- 
ing, beginning at the bay adjacent to the choir, and mentioned 
the amount to be about three metres. This is a construction sim- 
ilar to the perspective illusion practiced in the Cathedral of Poitiers 
and described bv Fergusson. 
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ST. THOMAS, STRASSBURG. Nob. 12-13. 

12 The nave, looking toward the faqade. This is another church, like 
St. Loup at Chalons, in which the piers lean outward in straight 
lines, with divergence beginning at the pavement. The widening is 
pronounced in the piers nearest the spectator, at the choir, but is 
not visible at the first bay. Width of nave at the choir, thirty-two 
feet. The widening at the choir is about ten inches in a height of 
about forty feet. 

For other churches which show greater widening at the choir 
or crossing, see Notre Dame, Paris; St. Pierre, Caen; St. Jean, 
Caen. The latter widens only at the crossing. Some churches 
which widen only at the apse have been mentioned under No. 5. 

13 Left aisle looking toward choir end. Plumb-line suspended from 
the left pilaster. Widening two and a quarter inches in fifteen feet. 
The pilaster has an entasis. A valuable photograph for con- 
structive demonstration, as regards questions of thrust. 

ST. ALPIN. CHALONS. Nob. 14-16. 

14 Left aisle. Plumb-line on second pier ; surveyor's rod beside it. 
Widening four inches, with a line of fourteen feet. The widening is 
uniform for all pilasters in both aisles as far as the transepts. 

15 Right aisle. Plumb-line on first pier. Widening two inches in 
fourteen feet. The view shows a depth in the chapel walls, of 
nine feet, which precludes thrust. Surveyor's rod at first pier. 

16 The nave; surveyor's rod at the entrance to the choir. The 
widening of the piers at the pulpit is seven inches in a height of 
twenty-seven feet. The nave is twenty-four feet wide. The widen- 
ing at the choir is eleven inches in a height of eighteen feet. 

St. Alpin is an important illustration of the evidence by which 
positive conclusions have been reached as to the constructive ex- 
istence of the widening refinement. The widening of the nave is 
so delicate and the lack of constructive evidence in the matter of 
thrust is such that no conclusions could be drawn from the phenom- 
ena of the nave, when considered by themselves. But the evidence 
furnished by the pilasters of the side aisles is impregnable and 
establishes the probability that the widening of the nave is also 
constructive. 

The pavement slopes up toward the choir one foot one inch in 
sixty-two feet. Compare Architectural Record Vol. VL, No. 2, for 
pavements sloping up toward the choir, (eighty-five observations in 
Italy). See also under Chartres, No. 125 of this Catalogue, for a 
list of French churches with sloping pavements. 

NOTRE DAME. CHALONS. Nob 17-18. 

17 Left aisle, looking toward the facade. The plumb-line shows 
three and a quarter inches lean in fifteen feet. There are well 
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defined vertical curves in all pilasters. The identity of these curves 
with the classic entasis in this particular instance in unmistakable. 
The derivation from classic originals is equally positive in this 
instance. This photograph therefore raises the question whether 
the vertical curves of mediaeval architecture may not have devel- 
oped through independent mediaeval observation and copies of the 
classic columns as well as by Byzantine transmission. The question 
may possibly be settled by more extended observations of the 
Romanesque in France. The close relations of this particular early 
Gothic church with the Romanesque are very apparent, and espec- 
ially so in the style of the wall pilasters. The entasis appears in the 
Romanesque engaged columns of S. Michele at Lucca and in pil- 
asters having classic reminiscent quality in Fiesole Cathedral 
(Arch. Rec, Vol. VII.., No. i.) It is frequent in mediaeval columns 
of Italian Romanesque columnar basilicas. 

18 The nave has no perceptible widening and does not exhibit ver- 
tical curves. The pilasters of the right aisle have the vertical curves 
but do not lean outward. Such variations in the application of the 
refinement are probably due to a change of direction during the 
construction.. No other instance is known where outward con- 
structive leans are confined to one aisle. S. Eustorgio at Milan is 
an instance of a nave without perceptible curves or widening, while 
the aisles have leaning pilasters of undoubtedly constructive char- 
acter (Memoir No. 2). 

ST. RBMI, RHEIMS. Nos. 19-21. 

19 Right aisle. Plumb-lines on first and second pilasters show leans 
of two and a quarter inches in nine feet. 

20 Nave, sighting on the right side. The piers are perpendicular 
up to the height of the capitals. They lean outward from the capi- 
tals up. Width of nave at the pavement forty-four feet. Widen- 
ing fourteen and a half inches in a height of fifty feet. 

21 The transepts. The vertical bend is well shown in the foreground 
on the right and in the distance, on the left. 

CATHEDRAL OF LAON. Nos. 22-28. 

22 Views of the nave. At the fifth pier from entrance (eighth from 

23 transept) the widening is nine inches in a height of fifty-two feet. 
Width of nave at pavement is thirty-six feet. 

24 Views of the choir. At the springing of the arch which surrounds 

25 the rose window of the choir the widening is ten inches. 

26 Details of the choir windows, with plumb-lines, which are also 

27 visible in the preceding views. The centre window widens five 

28 inches in a height of thirty-two feet. 

The pilasters adjacent to the plumb-lines exhibit extremely deli- 
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Ut. the: right AISLA, ST. RBMI. RHEIMS. 

cate vertical curves. The deflection is about five inches in a height 
of about thirty-nine feet. 

The conditions of construction in the east wall of the choir are 
such as to make the Cathedral of Laon one of the most interesting 
illustrations of intentional vertical curvature in France. 

ST. JEAN, CAEN. No. 2'.>. 

I The nave, from the High Altar, looking toward the fagade. Well 
defined widening of lo inches in the arches at the crossing. The 
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■2i). ST. JEAN, CAEN, FROM THE CHOIR. 

inclination of tlie second pier on the right, at the transept, from the 
pavement to the sprinKing of tlie arcli, was fonnd to be five inches 
by plumb measurement (height thirtv-five and a half feet). 

The perpendicular is established by a plumb-hne suspended from 
a pole, which projects from the pulpit. 

The improvement of effect obtained by the widening is well illus- 
Irated by this view. Th; church is late Gothic, apparently i6th 
century. . lit Mf 

ST. PIERRE. CAEN. Noa :lO-:!2, 

> \'ertical bends, with divergence beginning at the capitals. Width 
of the nave, at the pavement, twenty-four feet six inches.. Widening 
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twenty inches in a height of fifty feet. The perpendicular is estab- 
lished by a plumb-line hung from the pulpit. This pronounced 
widening is developed in the choir. Near the main entrance it 
is much less perceptible. 

St. Jean and St. Pierre at Caen are the only late Gothic churches 
in which the widening or vertical bends have so far been found 
(The choir of St. Pierre is Sixteenth Century). On the other hand 
it must be borne in mind that the late Gothic is not largely repre- 
sented in the localities which were visited. The following are 
among the late Gothic churches which have been noted as lacking 
this refinement: St. Maclou at Rouen, the pilgrimage church of 
L'Epine near Chalons, the Cathedral of St. Lo, the church of St. 
Nicholas at Coutances, and St. Stephen's at Vienna. 

These observations bear on the point that although the Ren- 
aissance reaction against the Gothic must be considered as the 
main cause of the disappearance of the mediaeval refinements, 
there was undoubtedly a falling off in this respect in the Gothic 
decadence. See also No. 130 for the rarity of Renaissance ex- 
amples of the widening. For the gradual disappearance of the 
widening system it is also extremely significant that all known 
instances of marked widening in the exterior walls or pilasters 
of the side aisles belong to the Romanesque or very early Gothic. 
It is natural that the system should have been abandoned for the 
side aisles before it was abandoned for the nave. It is therefore 
in point to note the early dates of St. Thomas at Strassburg, of 
St. Loup, St. Alpin, and Notre Dame at Chalons, and of St. Remi 
at Rheims, in which the pronounced leans have been illustrated 
for the exterior pilasters of the side aisles. Another Romanesque 
example for leans in the exterior pilasters of the side aisles is the 
church of the monastery of Montierneuf at Poitiers, Nos. 127-129. 
The same rule holds for Italy. Compare Memoir No. 2 for S. 
Michele at Pavia, S. Ambrogio at Milan, S. Eustorgio at Milan, 
(Romanesque) ; and for S. Lorenzo at Vicenza and S. Agostino at 
Orvieto (early (Gothic). These are the notable Italian examples 
of widening in the exterior walls or pilasters of the aisles. 

31 Ceiling of the nave showing curve in plan. For surveys of sim- 
ilar deflections in Italy see Arch. Rec, Vol. VI., No. 4. 

The converging lines in this photograph suggest the remark 
that it may have been one purpose of the widening refinement to 
correct the convergence of vertical lines, which is due to perspec- 
tive. There are obvious reasons why such a converging effect in 
the piers of church interiors might be considered objectionable. 

32 Curve in plan of the left aisle, as shown by the central line of 
the vaulting. This view raises the point that the explanation fre- 
quently offered for deflections in plan of the choir, viz: that they 
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represent the bending of the head of the Saviour on the Cross, 
cannot apply to curves in plan of the entire church. See Arch. 
Rec, Vol. VI, No. 3, page 405. 

This view shows perpendicular lines in the outer pilasters of the 
aisle. The aisles with exterior outward leans, illustrated in earlier 
numbers, are exceptional cases and have been grouped together 
on account of the constructive intention which they so clearly 
exhibit. 

ST. 0UE3N. ROUEN. No. 33. 

33 The curve in plan is apparent in the ceiling. There is a return 
curve toward the facade and a small portion of this return curve 
is included in this view. Compare Arch. Rec, Vol. VI., No. 4, for 
Italian counterparts, especially the Cathedral of Fiesole. No ver- 
tical bends or curves were observed in this church. 

This view offers another illustration of the disagreeable effect 
of piers converging in perspective. (See No. 31). Such a disa- 
greeable effect may be due to the fact that we are unaccustomed to 
pictures taken with the camera pointed upward, but it is still prob- 
able that one motive of the widening was to counteract such per- 
spective convergence. 

CHURCH OF ST. QUBNTIN. No8. 34-42. 

34 Central view of the nave. The piers curve vertically. Widening 
* at the crossing, ' fut i p und -tr-hfttf- feet in a height of eighty feet. 

Width of the nave about thirty-four feet. 
^^^^ ^^' -^ ' This church has the most pronounced w iden i ng of any so far 

observed. The general avoidance of such an excessive divergence 
shows the general wish that it should be inconspicuous. It must 
be remembered, however, that the divergence here is much less 
conspicuous in the church than in the photographs.. The effect is 
discounted in the church by the convergence of perspective. 

The Sacristan said that the architect, M. Benard, who had been 
in charge of the repairs of the church for thirty-six years previous 
to his death, a few years ago, attributed its peculiar construction 
to the "hardiesse" of the mediaeval builders. 
^c Right side of the nave. Note the remarkable bend on the left 
side of the choir. Note that the clerestory window in the left 
transept has its mullion built parallel to the lean of the nave piers. 
Note that the triforium column below this mullion is set parallel 
to this lean. Compare No. 37 for the triforium. 
36 The nave, looking from the choir toward the fagade. An excel- 
lent view of the vertical curves, also showing the remarkable bend 
on the right side of the choir (left side in No. 35). 

This view shows the widening to be less pronounced near the 
main entrance, a fact also apparent in Nos. 34, 35. This is also true 
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in St. Thomas at Strassburg, in S. Maria della Pieve at Arezzo, 
in St. Pierre at Caen and is probably a frequent arrangement. In 
Notre Dame at Paris the leans of the crossing piers are much 
more pronounced than those of the nave or choir. 

37 From the left aisle looking through transept to choir. 

38 Return view of the left aisle taken from choir looking toward 
entrance. 

39 From right aisle looking through transept to choir. 

40 Return view of the right aisle taken from choir looking toward 
entrance. 

These views show an interesting special feature at St. Quentin 
to be that the aisles widen on both sides, as far as the arches at 
the crossing are concerned. (In No. 37, the widening is eight inches 
in a height of thirty feet.) In all churches so far illustrated the 
aisle widening has been effected by a lean in only one direction, 
i. e., on the outer side (this also holds of the Italian churches des- 
cribed in Memoir No. 2). Here there is a slight lean also on the 
side of the nave, so that the crossing piers lean slightly into the 
, nave before they curve away from it. (Most clearly seen in No. 40, 
least apparent in No. 38). Every one of these photographs shows 
above the aisle arch a slight return curve of the exterior pier in 
the direction toward the perpendicular, but every photograph also 
shows that the lean continues, though in diminished degree, 
toward the outer wall of the church (to be tested by relation to the 
lamp-chains). Perpendiculars are established in each picture by 
plumb-lines which are hung over the railings. They are also es- 
tablished by the lamp-chains. 

Comparison with the lamp-chains will show that the triforium 
columns are set to lean parallel with the leans of the crossing 
piers. This is also the case at Amiens and in Notre Dame at Paris. 
See explanation of sympathetic leans under No. Q. 

41 Vertical curves of the east side of the south-west crossing pier. 
View looking up the pier seen in No. 40, on the side visible in that 
view. Considered from the point of view of the entrance this is 
the first pier at the crossing on the right. This pier is also seen 
on the left in No. 36. 

42 Vertical curves of the south side of the same pier. View looking 
up the pier. This face is at right angles to the face shown by 
No. 41 and exhibits the curves of the transept which intersect those 
of the nave. The two systems of curves and of widening cross 
one another at right angles. Each pier at the crossing has there- 
fore two separate and distinct vertical curves, one bending south 
or north and the other bending east or west. (The most remark- 
able development in detail of intersecting systems for nave and 
transept is that of St. Mark's at Venice.) 
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Cathedral of Amiens. 

Noe. 43-62. 

Vertical curves of the nave, sighting on the right side. By 

plumb, taken through an opening in the vaulting, the first pier on 

the right at the crossing curves forward into the nave 0.20 and 

curves outward, away from the nave 1.20, making a total bend 
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of 1.40.* According to thest! estimates the total widening at the 
first pair of piers at the crossing is 2.80; assuming an identical 
curvature in the corresponding opposite pier and it certainly ap- 
proximates to this very closely. 

The existence of a constructive widening in the nave is well 
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known to the church authorities. It was reported to me by the 
Suisse as amounting to one metre, which is very close to the 
results just mentioned. Baedeker notes this peculiarity of the nave 
at Amiens, but describes it incorrectly. The piers are described 
as "tapering toward the top, so that the vaulting seems actually 
wider than the pavement below." The piers do not taper in the 
nave. They bend outwards, preserving the same dimensions. The 
vaulting not only seems wider, but it actually is wider. 

44 Vertical curves of the transepts. From the triforium of the 
right transept. This view is an important illustration of vertical 
curves without widening: i. e., when distances between the bases 
of the piers are compared with those between piers at the height 
of the capitals. It is a general rule that the vertical curves in 
transepts do not widen or that they widen much less than in the 
naves. St. Quentin offers an illustration of this general rule. 

45 Vertical curve in a pier of the right transept, photographed 
sighting up the pier. A plumb-line is suspended from a stick which 
projects from the triforium. The stick breaks the view of the 
curve in the clerestory. 

46 Vertical curves of the nave, photographed from the organ gal- 
lery. Wide-angle view. 

47 Vertical curves of the nave, photographed from the organ gal- 
lery. A plumb-line is suspended from a stick which projects from 
the triforium, beside the first pier at the crossing on the right. 

48 Vertical curves of the nave, from the triforium of the choir. 
49-52 Interiors of the triforium gallery, with plumb-lines, showing the 

outward leans of the piers as seen from the rear. These leans are 
uniform in all parts of the triforium. 
4Q Interior of the south side, choir triforium, looking toward the 
transept. The wall is on the left, the piers are on the right. The 
piers lean to the left. 

50 Nearer view of the same. 

51 Interior of the north side, choir triforium, looking toward the 
transept. The wall is on the right, the piers are on the left. The 
piers lean to the right. 

52 Interior of the north side, triforium of the nave, looking toward 
the facade. The piers lean to the right. 

53 Right aisle, looking across the transept toward the fa<jade. The 
first pier on the left beyond the altar (see Xo. 55) belongs to the 
transept system. Beyond it lies the transept aisle, where the pilas- 
ters face chapel walls about thirty-two feet deep. (These walls rise 
above the roof of the aisle as buttresses.) The pilasters of these 
buttress walls exhibit very delicate vertical curves under conditions 
precluding thrust. For the derivation of such curves from Roman- 
esque pilasters, see Xo. 17. 
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We next note the plunib-Hne hanging (from the triforium gal- 
lery) beside the pier of the transept system (left side of the picture). 
The inchnation is about four inches in a height of about forty feet. 
This picture should now be compared with the corresponding pho- 
tograph for left aisle (No. 59). in which two plumb-lines are sus- 
pended from the triforium. We thus become aware of a widening 
system in the piers of the arches which open into the aisles from 
the transepts. 
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The following photographs, Nos. 54-62 inclusive, are devoted to 
the illustration of this system as found in all the piers of both 
transepts. The facts illustrated were first made known to the 
church authorities at Amiens by the suspension of the survey 
plumb-lines. They exhibited the greatest interest in them and 
were most helpful in giving full facilities for the prosecution of the 
investigation. 

54 View looking across the right transept to the right aisle of the 
choir (reversing the position taken in No. 53). Two plumb-lines 
are suspended from the triforium. The surveyor's rod (six feet) 
is set against the second pier on the left. Note the bend in this 
pier, which curves slightly into the nave and then curves away 
from it. This lean to the left is 0.42 in forty feet, the lean to the 
right is 0.30. Nos. 60 and 59 show similar bends in the left aisle. 

We thus become aware of a widening system at the openings 
from the transepts into the aisles of nave and choir which cor- 
responds to that at St. Quentin/ a system in which both sides of the 
aisle are widened, so that one side leans into the nave. A compari- 
son of Nos. 54, 59, 60 with Nos. 37, 38, 39, 40 for St. Quentin 
is suggested, as the same arrangements are more clearly seen in 
the St. Quentin pictures. 

The triforium columns and window mullions are set leaning to 
the right, parallel with the lean of the crossing pier ; compare Nos. 
59 and 60. Compare St. Quentin, Nos. 37, 38, 39, 40, and Notre 
Dame, Nos. 71-74. Special photographs of these triforium col- 
umns at Amiens with plumb-lines, are included in the survey pho- 
tographs but have not been enlarged. 

55 View from a position nearly corresponding to that of No. 54, but 
taken with the camera set farther to the left, so that a portion of 
the second aisle of the choir is now visible. Two plumb-lines, as 
before. Surveyor's rod, as before. The bend illustrated by No. 54 
is again visible. The leans of the piers on the right are better seen 
in this view, which also serves to explain the relation of the next 
picture to No. 54 as regards location. 

56 Second right choir aisle, looking through the transept. Two 
plumb-lines; surveyor's rod near right plumb-line. This view 
shows the extension of the system of leans to the outer piers 
of the second aisle. The right pier leans off 0.33. (The disk of the 
surveyor's rod is five and a half inches in diameter.) The mate to 
this view in the left transept is No. 61. The same facts appear 
there. 

57 The same aisle (second choir aisle) photograohed in reverse 
direction, looking west through the transept to the transept wall. 
Plumb-line from the triforium gallery beside the transept pier on 
the left. All piers in this view are parallel. Consequently all the 
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piers exhibit the lean which is verified by the plumb-line for one 
of them. 

58 Detail of No. 57. Leaning piers of the right transept, looking 
west. Plumb-line and surveyor's rod on the left. All piers lean 
to the left, including those which are attached to the transept wall. 
The opposite piers of the same transept are shown by 56. The 
counterpart of this view in the left transept is No. 62 in which the 
window mullion is seen to have been made parallel with the 
leaning pier. 

59 Left aisle, looking through the transept toward the facade. Two 
plumb-lines from triforium gallery. This view is the counterpart 
of No. 53 for the right aisle. The same facts are illustrated : viz., 
the vertical curves of the pilasters on the outer side of the aisle; 
and the widening of the piers of the arches which open from the 
transept into the aisle. (The minimum deflection in the leans of 
the transept piers is 0.23 in forty feet, the maximum deflection is 
0.42.. About 0.30 is the general rlile.) The return bend of the 
ribs of the crossing pier is also included in this view, and is apparent 
by comparison with the left plumb-line. For this return bend 
compare Nos 54, 55. 

The triforium columns are set leaning to the right, parallel with 
the outward lean of the crossing pier. 

60 Left aisle of the choir, taken through the transept. Two plumb- 
lines from triforium gallery: surveyor's rod near the right plumb- 
line. This view is the counterpart of No. 54 for the right aisle. 
The choir aisle widens left and right ; 0.30 left, 0.42 right. 

This view also shows the return curve of the crossing pier above 
the aisle widening, as it bends back to produce the widening of the 
nave. The same system appears in Nos. 54, 55 and 59 and also 
holds at St. Quentin, as elsewhere explained. (Nos. 37, 38, 39, 40.) 

The right pilaster of the aisle arch is seen to taper in this view. 
In other words the widening on the right side is partly effected by 
the slight outward lean of the pier and partly effected by the taper- 
ing of the pilaster of the arch. The note-book record mentions 
the same arrangement in No. 38 at St. Quentin. In No. 59 at 
Amiens the left pilaster of the aisle arch is seen to be actually built 
with a slight stepping back of the masonry, about six feet below the 
capital. The pilaster of the aisle arch appears to taper on the left 
side in No. 54. More accurate observations would probably show 
that this tapering is found in all the crossing piers at Amiens and St. 
Quentin on the side next the nave. 

The triforium columns and window mullions are set leaning to 
the left, parallel with the outward lean of the crossing pier. Com- 
pare notes on this point under No. 54. 

61 View looking through the transept to the second left choir aisle 
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(adjacent to No. 60). This view is the counterpart of No. 56, and 
shows that identical arrangements are found on both sides of the 
church. Two plumb-lines from triforium gallery; surveyor's rod 
near left plumb-line. This plumb-line shows a lean of 0.23. 
62 View from second left choir aisle looking through the transept 
to the transept wall. This view is the reverse of No. 61 and the 
counterpart of No. 571. Two plumb-lines from triforium gallery; 
surveyor's rod near right plumb-line. Right pier leans 0.40 in 
forty feet. The pier beyond this, which is attached to the transept 
wall, has a parallel lean. 

The mullion of the window on the right is also built parallel 
to the lean. For sympathetic window leans at Chalons see No. 9. 
For window leans in Notre Dame at Paris see Nos. 99-100. 

The remarkable fact regarding the window mullion at Amiens 
was first noticed in the photographic print during the return voy- 
age to the United States and consequently no observation was 
made for the corresponding window of the right transept. In 
Notre Dame at Paris similar facts were observed for correspond- 
ing windows on opposite sides of the church. The explanation 
for such arrangements must be, as given under No. 9, the desire 
to avoid detection or an over-conspicuous prominence, of the pri- 
mary leans, which would have resulted from the contrast between 
leans and perpendiculars. As regards the leans of the transept 
piers those of the first aisle on either side would be called for by 
the widening system. Those beyond them on either side would be 
called for at one and the same time by the continuation of the 
widening system and by the wish not to antagonize and counteract 
the effects already obtained. At all events the plumbs in St. Mark's 
at Venice and in Notre Dame at Paris have revealed a correspond- 
ing system of transept leans in those churches (Memoir No. 2). 
At present writing the Church of St. Quentin, Amiens Cathedral, 
St. Marks at Venice, and Notre Dame, are the only churches known 
to possess this peculiar system of transept leans — which continues 
the system parallel to that of the nave, besides employing an inde- 
pendent system at right angles to that of the nave. On the other 
hand in the matter of intersecting systems the most interesting anal- 
ogies are those between St. Mark's and the Church of St. Quentin. 

The intersecting system at Amiens is shown by comparing Nos. 
43 and 44. 

A sympathetic window lean is also shown for St. Quentin by a 
survey photograph which has not been enlarged. It is found on 
the west side of the north transept; No. 298 of the original 
5" X 7" prints. 

Plumbs in the angles of the transept galleries show that the 
transept end walls repeat the leans of the transept piers. This is 
also the case at St. Quentin and in Notre Dame at Paris. 
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!. CATHEDRAL OF AMIENS. FHOM THE SECOND LHffT AISLE 
OF THE CHOIR. LOOKING WEST, VIEW OF THE L.EU.NINO 
MULLION. 



Notre Damct Paris. 

Noe. 63-111. 

The Vertical Cufves and the 

63 The nave from the entrance. Showing vertical curves in the nave 
and widening at the transept. 

This view shows the widening to be much more pronounced in 
the piers at the crossing than in the piers of nave and choir. On 
the other hand the curves are much more pronounced in the nave 
and choir than they are in the piers at the crossing. As distinct 
from the crossing piers which begin to diverge near the pavement, 
the piers of the nave and choir, with their continuing vaulting shafts, 
lean into the nave slightly, up to the capitals of the triforium, but 
with return curve beginning at the gallery parapets. The widening 
in the upper part of the nave is about seven and a half inches. That 
the bends into the nave are not due to thrust appears from the fact 
that the gallery piers do not lean out on the inner side. See 
plumb-line in No. 75. By actual plumb the first pier on the right 
in No. 63 leans into the nave 0.23, up to the height of the capital 

The vertical bulge into the nave is much more pronounced on the 
right side of the nave than on the left. This is probably due to the 
curve in plan of the gallery, which is convex to the nave on the right 
side. See No. 75. 

The perpendicular is established by a plumb-line suspended from 
a pole which projects from the gallery beside the first pier on the 
right, at the crossing. 

64 View of the second pier on the left beyond the railing, as seen 
in No. 63. The vertical curve, sighting upward.. Plumb-line sus- 
pended from the gallery. 

65 The nave, photographed to show the widening at the transept. 
Plumb-line from the gallery on the right. The total widening in 
the first pair of piers at the transept is about two feet four inches. 
Width of nave forty-two feet, height of the vaulting one hundred 
and ten feet. 

66 Another view, corresponding to 65, but including the capitals 
of the first pair of piers at the crossing. Plumb-line from the gal- 
lery on the right. 

67 Vertical curves of the nave, from the centre of the organ gal- 
lery. Plumb-line from the right gallery beside the first pier at 
the crossing. The widening in the clerestory connected with the 
curves in the nave is about seven and a half inches. 

68 Vertical curves of the nave, from the right side of the organ 
gallery. 

69 Vertical curves of the choir. From the centre of the choir gal- 
lery.. Two plumb-lines are suspended from the capital of the .gallery 
column in the centre of the picture. 
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I Vertical curves of the choir. From the right side of the choir 
gallery. Two plumb-lines are suspended from the capital of the 
gallery column, on the right of the picture. 
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G3. THE NAVE OF NOTRE DAME. 

Sympathetic Leans in the Transept Vaulting: Shafts and Gallery 

Columns. 

The gallery columns of Notre Dame which face on the transepts 

are set with leans corresponding to those of the crossing piers. 
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Similar arrangements have already been illustrated for the triforium 
columns at Amiens and at St. Quentin. All possible doubt as to 
constructive facts is removed by the existence of the same ar- 
rangements in the vaulting shafts which rise from the piers and 
which form portions of the solid transept walls above the galleries. 
View from the left (north) gallery across the transept. Four 
plumb-lines: surveyor's rod. The columns and piers are set lean- 
ing to the left, parallel with the leans of the great piers at the 
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crossing. (Compare No. 73 for the right gallery.) The pier on the 
left of this view is seen in the centre of No. 72. Plumbed with a 
line of ten and a half feet, the leans are as follows, from left to 
right in foot decimals. 

Pier (two sides) .14.14 : columns, .24, .20 : pier, .10. All leans to 
the left. 

72 View from the left (north) gallery across the transept. Four 
plumb-lines ; surveyor's rod (six feet). Columns and piers are set 
leaning to the left. The leaning vaulting shafts on the farther side 
of the transept are portions of the solid walL (Compare 74). 

The only leans not quoted for the preceding number are those 
of the two columns on the left. These are .12 and .13.. 

As shown by the photographs there are two bays in. each tran- 
sept gallery. Thus in each gallery there are eight plumb measures 
to be quoted ; one for the pier at the nave, one for the pier at 
the end of the gallery, two for the intervening pier (one for each 
side) and four for four columns, two in each bay. 

The complete list of plumbs in the left transept gallery (illus- 
trated by the two preceding photographs) is given below; taken 
with a line of ten and a half feet ; measures in foot decimals, quoted 
from left to right ; all leans to the left. 

Pier, .15 : column, .12 : column, .13 : pier, .14 ; .14 : column, 
.24 : column, .20 : pier, .10. 

Plumbs in the left transept gallery of the chbir (bays opposite 
to those in Nos. 71, 72); quoted from left to right (facing the 
choir) ; all leans to the left.* In the choir each bay has only one 
column. 

Pier, .08 : column, .03 : pier, .05 ; .03 : column, .05 : pier, .10. 

Plumbs in the right transept gallery of the nave; all leans to 
the right. 

Pier, .66 : column, .15 : column, ..20 : pier, .10 ; .10 : column, 
.04 : column, .09 : pier, .10. 

Plumbs in the right transept gallery of the choir (bays opposite 
to those in Nos. 73, 74); quoted from left to right, facing the 
choir ; all leans to the right. 

Pier, .10 : column, .12 : pier, .10 ; .12 : column, .20 : pier, .15. 

73 View from the right (south) gallery across the transept. Three 
plumb-lines; surveyor's rod. The columns and piers are set to 
lean to the right, parallel with the leans of the great piers at the 
crossing. 

Plumbs from left to right, line of ten and a half feet. 
Pier, .06 : column, .15 : column, .20 : pier, .10 ; .10 : column, 
..04 ; column, .09 : pier, .10. 



*The plumbs are quoted in this way as though taken on the outside In order that 
they may appear in the order of the plumbs previously quoted. 



40 MEMOIRS OF ARCHAEOLOGY. 

74 Leaning columns of the adjacent bay. The four plumb-lines are 
not only available for illustration of the inclination of the columns. 
They are especially important as fixing the alignment of the vault- 
ing shafts which are portions of the solid wall on the opposite side 
of the transept. 

The leans of the columns are .04 and .09. The counterpart view 
for the left gallery is No. 72. 

The leans shown by the vaulting shafts in Nos. 73 and 74 are car- 
ried out into the transept walls but accurate observations have still 
to be made here. 

It must be remembered that the measurements above quoted 
for the piers (as distinct from the columns) represent only a frac- 
tion of their entire height — as appears by observation of the farther, 
exterior, side of the transept in the photographs. For the entire 
height from pavement to vaulting the leans must be estimated as 
averaging about one foot. What shows as a "pier" in the interior 
of the transept galleries is a portion of a vaulting shaft which rises 
from the pier below to the top of the clerestory. 

The philosophy of the sympathetic leans illustrated by Nos. 71- 
74 is considered under No. 9 and under No. 62. Here, as in the 
window leans of Notre Dame, Nos. 99, 100, the motive must be to 
evade detection, or an over-conspicuous prominence, of the pri- 
mary leans, which, in the instance of 71-74, are those of the great 
piers of th*e crossing. 

Curves in Plan* 

The deflection in plan of the choir of Notre Dame, which bends 
to the left, is represented in published plans of the church,* but the 
curves in plan of the aisles and galleries are not represented in 
these published plans, as far as known to the writer. It is positive 
that the curves represented in the photographs of the galleries be- 
gin in the aisles below. A more accurate survey of the ground- 
plan of Notre Dame than has yet been published is much to be 
desired. 

75 Left (south) gallery, looking toward the choir. View showing 
its curve in plan convex to the nave ; which amounts to nine and a 
half inches at the point marked by the surveyor's rod. The outer 
wall of the gallery has a parallel curve. This curve is also visible in 
the vaulting. The left gallery has a parallel curve, concave to 
the nave, but more pronounced in the gallery parapet than in the 
wall. These curves begin in the lower aisles but are more easily 
photographed in the galleries. In the galleries they are similar 
to those found in the Pisa Cathedral and in some other Italian 

«La8FU8 et Viol let-Ie- Due. Monographle de Notre Dame de Paris. 
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churches. Compare also Nos. 31, 32, for St. Pierre at Caen and 
No. 33 for Stv Ouen at Rouen. For the philosophy and derivation 
of such curves in plan consult the bibliography on the second page 
of the cover. 

The plumb-line suspended from the second pier on the left shows 
that the gallery piers are closely perpendicular and that the vertical 
curves on the opposite sides of the gallery piers, facing the nave, are 
not due to thrust. See Nos. 67, 68. 

76 Curve in plan of the exterior clerestory wall above the gallery 
piers shown by No. 75. There is a corresponding curve in this 
wall and in the alignment of the buttresses. This curve is repeated 
in the bend in the line of the roofing slabs which are shown by the 
photograph. 

77 Curve in plan of the left (south) gallery; looking toward the 
faqade; the same gallery curve which is illustrated by No. 75, 
photographed in the opposite directioni. The piers are again seen 
to be perpendicular, although the vertical curves seen in Nos. 67 
and 68 are found on their exterior faces. 

Gallery Bends in Elevation* 

78 Bend in elevation of the left (north) gallery, photographed from 
the choir gallery. There is a corresponding bend in the capitals of 
the gallery columns and piers. 

Beginning at the pier beyond the organ the gallery parapet* rises 
0.95 in the first three bays. (This portion of the bend is shown in 
much larger scale and much more clearly by Nos. 88, 89, 90.) It 
then continues with an additional rise of 0.08 to the transept. On 
account of the obstruction caused by the scaffolding and benches in 
this gallery, the measures quoted were established by plumbs taken 
from the parapet to the pavement below, and the level of this pave- 
ment was not taken, but in the opposite (south) gallery similar 
facts were established by a levelling instrument which was used in 
the gallery. 

79 Bend in elevation of the right (south) gallery, photographed from 
the choir gallery. The capitals of the gallery columns and piers 
follow this bend. It is also repeated in the gallery windows. 
(Compare No. 77.) The bend is also repeated in the alignment of 
the sills in the clerestory windows. Compare No. 94 where the 
obliquity is shown in larger dimension. Levels taken in the south 
gallery show a rise in the first three bays of 0.85 and a drop for the 
last five bays toward the transept of 0.28. Reference is again made 
to Nos. 88-90, as larger and better illustrations of these bends. 

•The measures and levels were taken for the parapets. The pavement corresponds 
but may vary slightly from description given. 
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The gallery bends of Notre Dame are so closely analogous to 
those of the Pisa Cathedral that great stress must be laid upon 
the resemblance. The latter were surveyed with great accuracy in 
1895, ^"d t^c original cartoons of survey are herewith reproduced. 

80 The original surveys of the gallery bends of the Pisa Cathedral 

81 were first published in the Architectural Record, Vol. VI., No. 3. 
"Constructive Asymmetry in Mediaeval Italian Churches." 

In both cathedrals the bends are wholly invisible from the pave- 
ment of the church, as they are discounted into optical effects. 
These effects are undoubtedly those of an illusive exaggeration of 
perspective. It is beyond debate that perspective illusions of other 
descriptions were practiced by mediaeval builders (Arch. Rec. Vol. 
VI., No. 2. See also the reference to Fergusson under No. 11 
of this catalogue). It would be unwise to assert that an exagger- 
ated perspective was the only purpose of these bends, but there are 
grounds for believing that it was designed to be one of the results. 
Another motive was probably the avoidance of monotony and for- 
malism. 

82 Diagram in elevation of the piers, gallery, and clerestory walls 
of the north side of Notre Dame in exaggerated drawing. To be 
used in connection with photographs 78-79 and 83-98 inclusive. 
The most remarkable arrangements in Notre Dame have now to 
be described and illustrated. All the columns* of both galleries of 
the nave are set with leans which are so arranged as to exaggerate 

. the effect of the gallery bends. 

For the five bays in which the galleries drop toward the tran- 
sept, or are approximately level, the columns lean toward the 
fagade. (Nos. 83-87.) 

For the three bays in which the galleries rise (.95 north; .85, 
south) ; the columns lean toward the choir. (Nos. 88-90.) 

On the other hand the vaulting shaftsf and the gallery piers 
which are portions of the vaulting shafts lean toward the fagade 
beginning at the transept, and without exception, up to the facade 
(diagram No. 82). 

Hence, in the three bays nearest the organ gallery the vaulting 
shafts bend away from their normal lean below the galleries, in 
order not to antagonize too perceptibly the leans of the gallery 
columns and these vaulting shafts return to their normal lean by 
another bend above the gallery columns. (Diagram 82, photo- 
graphs 89-93 and 97.) 

These arrangements are found on both sides of the church, and 

*The gallery columns are to be distinguished from the gallery piers. The former 
are round and monolithic; the latter are square and built of masonry, and are portions 
of the vaulting shafts which rise from the piers of the nave. 

fThe vaulting shafts are the continuation of the piers of the nave, but as they are 
attached to the clerestory wall and are therefore not subject to thrust In east or west 
direction, unusual significance attaches to their leans, because they are uniform in 
direction and therefore clearly intentional. 
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are verified by measurements in detail for each column and each 
pier in both galleries, as follows : 

Plumbs for Gallery Piers and Columns. 
North Gallery* South Gallery. 

.loW *Pier at Transept 04W 

.05W 1st Bay Column 03W 

.loW ist " " 04W 

.04W 2nd Pier 06W 

.loW 2nd Bay Column 07W 

.12W 2nd '"^ " 14W 

.OS W 3d Pier 07 W 

.06W 3d Bay Column 14W 

.iiW 3d " " ISW 

.osW 4th Pier 07W 

.06W 4th Bay Column 13W 

.07W 4th " " 13W 

.osW sth Pier 06W 

.04W sth Bay Column 13W 

.osW sth " '' iiW 

.osW 6th Pier osW 

.04E 6th Bay Column 20E 

.00 6th ** ** 03E 

.loW 7th Pier osW 

.18E 7th Bay Column 2sE 

.24E 7th " '* 12E 

.03W Sth Piei 03W 

.14E Sth Bay Column loE 

.20W Qth Pier 14W 

^Leans are marked east or w«st, i. e., toward chotr, or toward facade. Length of 
line. lOH feet. 

If these plumbs are now grouped separately by piers and columns 
the comparison will prove less confusing and the results of this 
comparison will be more quickly reached. 

Plumbs for Gallery Piers, Omitting: Columns* 
North Gallery. South Gallery. 

. loW Pier at Transept 04W 

.04W 2nd Pier 06W 

.OS W 3d Pier 07W 

.osW 4th Pier 07W 

.osW Sth " 06W 

.osW 6th " osW 

.loW 7th " osW 

.03W Sth [] 03W 

.20W Qth *' at Organ Gallery . . . 14W 

It appears from the above plumbs that all vaulting shafts of the 
nave lean west (toward the facade) in measurements which are of 
small amount for the length of plumb-line u§ed for the gallery piers 
but which are of considerable amount when the height from the 
pavement to the vaulting is considered. 

The leans of the nave piers from which the vaulting shafts rise 
will be subsequently described and illustrated. 
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The minimum amount of lean in any one pier and connected 
vaulting shaft cannot be less than six inches for the height from 
pavement to vaulting.. This appears to be the average for the first 
seven, beginning with the transept piers. The 8th pier leans from 
pavement to capital 0.37 in twenty feet (No. 97). The plumb 
.03 in the gallery represents the reverse bend of the 8th vaulting 
shaft as already described and explained. It subsequently returns 
to the amount of pitch measured below. The three piers nearest 
the fagade (9th, loth, nth) lean 0.44 in twenty feet from the 
pavement. 

The details regarding the estimates for these leans are more 
fully given under Nosi. 94-100 inclusive. 

From the standpoint facing the choir the effect of these leans is to 
exaggerate the appearance of widening without that detriment to 
stability which" might be anticipated from too pronounced con- 
structive divergence. This may have been one of the motives for 
this construction. That much stress was laid upon it is apparent 
from the remarkable efforts to compromise between the leans of 
the vaulting shafts and those of the triforium columns as shown by 
Nos. 89, 90, etc. 

The increase of pitch toward the faqade tends to negative the 
view that the leans toward the fagade were purely sympathetic 
with the transept widening, which is of very slight amount. 

The plumbs for the gallery columns are now separately recorded. 
The evidence of design which is obtained from the correspondence 
of inclination on opposite sides of the church, is unimpeachable. 
The change in direction on both sides of the church between the 
5th and 6th bays can only be explained by the wish to exaggerate 
the effect of the gallery bends, as seen from below. 

Plumbs for Gallery G>lumns, Omitting: Piers. 
North Gallery. South Gallery. 



.05W ist Bay 03W 

.loW 

. loW 2nd 

.12W 



.06W 3d 

.iiW 

.06W 4th 

.07W 

.04W 5th 

.05W .. 

.04E 6th 

.18E 7th 

.24E 



.04W 
Bay 07W 



14W 

Bay 14W 

15W 

Bay 13W 

. 13W 

Bay 13W 

iiW 

Bay 20E 

03E 

Bay 25E 



I2£ 

.14E 8th Bay loE 
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The Eight Bays of the South Gallery. 

Each bay of the south gallery was separately photo- 
graphed with plumb-lines on both sides of each column. 
The plumb-lines were, - strictly speaking, broad tapes, such 
as were generally used throughout the trip for such pur- 
poses. It was though desirable to use such tapes in order 
that the width might give them greater prominence in the pictures. 
There were some disadvantages in these lines. It was not possible 
to prevent them from turning slightly so that the broad side ap- 
pears sometimes only in one part of the line and the narrow edge 
in another. Occasionally the tapes became so twisted and uneven 
from constant use that they did not stretch properly with the light 
plumb-bobs which were attached to them. It will be noticed that 
some of the tapes do not hang perfectly true. However, as the 
plumbs already recorded were all taken with a light cord and 
a heav>' plumb-bob the measures may be regarded as sufficiently 
satisfactory and they make good an occasional distortion of the 
tape lines in those pictures. The plumb-lines are of great value 
not only for the foreground columns but also as verifying the 
leans of columns and vaulting shafts on the opposite side of the 
nave. The photographs for the eight bays of the south gallery, 
which have been already quoted in mass, are now individually men- 
tioned in order from the transept to the organ gallery.. 

83 First bay. All leans to the left. Columns, .04 : .03. Piers, 
.06 : .04.* 

g^ Second bay. All leans to the left. Columns, .14 : .07. Piers, 

.07 : -06. 

The plumb-lines also verify the columnar leans in the opposite 
gallery. From the column which leans .14 one may sight the lean- 
ing vaulting shaft on the opposite wall up to the height of the vault- 
ing. From the left plumb-line on the column leaning .07 one may 
sight the vaulting shaft opposite up to the vaulting. 

Third bay. All leans to the left. Columns, .15 : .14. Piers, 
.07 : .07. The leans of the vaulting shafts are well shown on the 
opposite wall up to the clerestory, 
gg Fourth bay. All leans to the left, in the foreground. Columns, 
•13 ' .ij- Piers, .06 : .07. The inclination of vaulting shafts across 
the nave can be sighted both by the lines and by the columns in the 
foreground. 

87 Fifth bay. All leans to the left, in the foreground. Columns, 
si I : .13. Piers, .05 : .06. The vaulting shafts of the opposite 
clerestory may be sighted as usual. 

88 Sixth bay. All leans of columns to the right (excepting in the 

*The left column and left pier are the first ones quoted throughout these bays. 
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89. SOUTH GAIXBRT, NOTRE DAMB. SEVENTH BAY, COUNTING FROM THE TRANSEPT. 

right bay across the nave which is the fifth bay on that side, so 
that the column there seen leans to the left. All piers lean to the 
left. Columns, .03 : .20. Piers, .05 :.o5. The vaultinfr shafts of 
the opposite clerestory may be sighted as usual. 

The north gallery bend in elevation is well shown. The rise of 
the parapet in the foreground is also visible. 

go Seventh bay. All columns lean to the right, all piers lean to the 
left. Columns, .12 : .25; Piers, .03 : .05: This photograph shows 
the north gallery bend, the rise of the parapet in the foreground, 
and the change of inclination in one of the vaulting shafts on the 
north side of the church, as shown by exaggerated drawing in No. 
82. (One column perpendicular on north side. See Table.) 

90 Eighth bay.* Column leans to the right, .10. Piers lean to the 
left, .I4t : .03^ The rise of the parapets is seen on both sides. The 



■A imtU pier hire takes the place ot Ibe column, but we will HpeclCj' II Ai 
1 order to preserve tbe UDltortalty ot sutament. 

tThii outer nlDtb pl«r could Dot be included Id tbe pktnre. 
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strong pitch of the great pier across the nave (9th pier) is well 
shown on the extreme left of the picture. 

91 Wide-angle view from the same bay, with camera placed near 
the railing. Two plumb-lines suspended from the bay opposite. 

The columns opposite lean to right as follows: eighth bay, .14; 
seventh bay, ..24; .18. 

The eighth pier (on the right of the picture) leans to the left from 
pavement to capital 0.37 in a height of twenty feet. The 
vaulting shaft which rises from it so changes direction at the gal- 
lery (to avoid contrast with columnar leans to the right), that it 
only leans .03 in ten and a half feet. At the capitals of the gallery 
it again changes direction, turning to the left. Above this point it 
is seen to be parallel with the great pier next the organ loft which 
leans .20 west in ten and a half feet at the gallery and which has a 
nearly uniform pitch from the pavement up to the vaulting. 

Views Acfoss the Nave from the North Gallery. 

92 Eighth bay of the north gallery. Piers lean to right, .03 and .20. 
Column leans to left, .14. The vaulting shafts on the opposite side 
of the nave are well shown. 

93 Wide-angle view from the same bay, with camera placed near 
the railing. A plumb-line is hung from the opposite parapet. This 
view is the counterpart of 91 and shows that the same arrange- 
ments are found in both galleries. The bend of the 8th vaulting 
shaft, to compromise with the columns leaning to the left, is less 
pronounced but is quite definite. The column in the eighth bay 
leans one-third less on this side. It leans .10, whereas the corre- 
sponding column in the north gallery leans .14. This would ex- 
plain the less pronounced change of direction in the vaulting shaft. 

The rise in level of the parapet is well shown. The window-sill 
of the clerestory rises at the same angle. 

94 Sixth and seventh bays of the south gallery, from the north gal- 
lery. A plumb-line is hung from the clerestory window. The es- 
timate based on the deflection of the vaulting shaft from this 
plumb-line would make the entire amount of lean from pavement 
to vaulting about eight inches in a height of about eighty-two feet, 
provided the lean were continuous. The plumbs from the pavement 
to the height of the capitals tend to diminish this estimate in some 
cases. An average estimate for the westward leans of the piers 
and connected vaulting shafts for the first seven bays from the tran- 
sept will therefore be from six to eight inches. The eighth and 
ninth piers are already noted for more pronounced leans (which 
continue in the tenth and eleventh piers, as shown later). 

A highly important feature of this photograph is the obliquity of 
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the string-course which marks the line of the window-sills in the 
• clerestory. This obliquity corresponds to the gallery bend below, 
also shown in this picture. The bend in the line of clerestory win- 
dow-sills is also shown by No. 79. 

The columns lean to the left; plumb measurements under Nos. 
88 and 89. 

95 Fifth and sixth bays of the south gallery, from the north gal- 
lery. A plumb-line suspended from the clerestory window fur- 
nished the basis for an estimate of the lean of the adjacent vault- 
ing shaft corresponding to that which has been given under the 
preceding number. 

The columns of the fifth and sixth bays are seen to be leaning in 
opposing directions. The fifth bay columns lean west, .13 and .11. 
The sixth bay column leans east, .20. 

The bend of the gallery parapet is repeated in the string-course 
of the window sills in the clerestory. 

• 

Westward Leans in the Nave* 

96 Details of leaning pier in the nave, third from the organ loft on 
the north side of the nave. It is the seventh pier in the order from 
the transept. A plumb-line is hung on the right side with slips of 
white paper at top, center and bottom, to show its direction in the 
photograph. By plumb from the capital the lean toward the faqade is 
.14 (line of twenty feet). All piers of the nave were plumbed to the 
height of the capitals with similar results. The leans diminish to- 
ward the transept. The quotations for the remaining piers on the 
north side are as follows in the direction toward the transept, 
.09 ; .08 ; .08 ; .05 (transept pier not taken). 

The leans would be too inconsiderable for attention, were it not 
for four facts. First, they are continuous from pavement to 
vaulting and as found in the vaulting shafts which are attached to 
the clerestory wall are wholly free from suspicion of thrust. 

Second, they are uniform in direction. Third, they increase above 
the capitals as shown by gallery measures. Fourth, they increase 
in the direction of the fagade and are there related to sympathetic 
leans in windows and engaged pilasters which demonstrate con- 
structive intention beyond debate. 

In the less pronounced cases the leans may average six inches 
from pavement to vaulting, but in the piers of the tower construc- 
tion toward the facade they amount to five inches in a height of 
twentv feet. 

The lowest cylindrical section of the pier shown by No. 96 is cut 
to a dip of .08 in a diameter of 5.20. In other words, this drum, or 
section, has a height of .46 on the left and a height of .38 on the 
right side. 
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98. NOTRE DAME. VIEW ACROSS THE NAVE FROM SOUTH TO 
NORTH; NBAR THE FAgADK, ACCURATE DRAWING FROM 
THE SURVBTY PHOTOGRAPH. 

View crossing the nave from south to north near the fa<;ade. 
Two plumb-Hnes are suspended from the gallery. The piers are 
the eighth and ninth from the transept. The left pier is the one 
next the organ gallery (tower construction). The lean of the right 
pier up to the height of the capital amounts to 0.37 in twenty feet. 

This view connects with No. 91 for the upper part of the church. 
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98 View crossing the nave and connecting with 97, showing the piers 
next the entrance. Plumb-lines are hung from the piers on the 
left and right. The leans average 0.44 in twenty feet. 

The window and the engaged pilaster on its left, are constructed 
with parallel, sympathetic, leans. The same facts are found on the 
opposite side of the nave for the corresponding windows and en- 
gaged pilaster on that side. 

99 Details of 98. Windows, and two engaged pilasters showing 
100 constructive leans*. Two plumb-lines ; surveyor's rod on the right. 

For the philosophy of these sympathetic leans and for other illus- 
trations of them see No. 9 for St. Loup at Chalons and No. 62 for 
Amiens Cathedral. 

The Leaning: Facade and the Vertical Bends of the Towers. 

loi Diagram of the north tower of Notre Dame, showing the con- 
struction which is illustrated by Nos. 102-106. 

102 The leaning windows of Nos. 99 and 100, seen from the outside. 

103 The tower buttresses lean to the right. The perpendicular is es- 
tablished by a plumb-line hung on the railing; surveyor's rod be- 
side it. 

104 The leaning lower fagade of Notre Dame. Plumb-line from the 
Gallery of Kings. The lean amounts to about eleven inches in about 
forty-eight feet, up to the height of the Gallery of Kings, as reck- 
oned for any one continuous surface. The fagade bends to the 
perpendicular higher up. For an account of other leaning and 
bending fagades see Memoir No. i. 

105 Views showing the return bend of the towers to the perpendic- 

106 ular. 

107 Leaning fa<;ade of the south transept. The perpendicular is es- 
tablished by a line from a tripod. In the north transept the lean 
is much less pronounced but it appears to exist. 

Bends in Plan of the Facade* 

108-109 Views of the fa<jade showing the Gallery of Kings. 

1 10 Bend in plan of the Gallery of Kings. The forward deflection is 
1.20 feet. This bend is repeated in both upper galleries. 

111 View showing bends in elevation in the upper galleries of Notre 
Dame which are an optical effect produced by the bends in plan. 
This arrangement breaks the monotony of the straight line. 

According to well known principles of optics the bend in plan 
will produce the appearance of a bend in elevation of a correspond- 
ing amount, at an angle of 45°. In closer proximity the optical 
effects increase. It follows, that, for a spectator walking towards 
Notre Dame, these bends are continually changing their appear- 
ance. 
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0. I^ANINO WINDOW AND LEANING ENOAasD PILASTERS. 
LEFT AISLE OP NOTRE DAME. NEAR THE! ENTRANCB. AC- 
CURATE DRAWING PROM THE SURVEY PHOTOGRAPH. 
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G>ndfssions as to Notre Dame. 

It is apparent that Notre Dame occupies a very exceptional posi- 
tion among the French cathedrals described in this Memoir as re- 
gards the variety and subtlety of its constructive variations from 
normal regularity. Among Italian churches it can only be com- 
pared with the Pisa Cathedral and St. Mark's at Venice, for the 
number and subtlety of its refinements. 

The nave piers leaning uniformly west in the direction of the 
faqade are otherwise so far known only in St. Mark's (see Plan 3 
for plumbs, Memoir No. 2).* 

The only other churches in Europe which are known at present 
to have the horizontal gallery bends in elevation are the Pisa 
Cathedralf and St. Mark's at Venice. The analogy with the Pisa 
Cathedral is much the most striking as the galleries are shorter 
in St. Mark's and the treatment is quite different. 

As regards vertical bending of the west fagade it has not been 
so far observed in any other French church excepting Notre Dame 
la Grande at Poitiers, where it is relatively inconspicuous, St. 
Nicholas at Coutances, a church of minor importance, and the 
Sainte Chapelle at Paris. In this matter the most important analogy 
is again offered by the Pisa Cathedral (Memoir No. i, and Arch. 
Rec, Vol. VII., No. 3). 

(There are good survey photographs of the front porch of the 
Sainte Chapelle which have not been enlarged. It leans out about 
one foot in a height of about thirty-eight feet, with return curve 
to the perpendicular. There are no refinements in the interior.) 

The vertical bends of the towers of Notre Dame are not known 
at present to have any parallels and the same may be said of the 
bend in plan of the west fagade. 

Deflected choirs are not uncommon in Northern Europe, but 
these must be distinguished from curves in plan of the gallery par- 
apets or of alignment in the piers of the nave. Notre Dame is 
the only cathedral in France which has been so far observed to 
possess the gallery curves in plan. The following cathedrals ap- 
peared to have wholly normal plans, as regards horizontal curves 
and as regards deflected choirs; Mont St. Michel, Dol, Cou- 
tances, St. Lo, Bayeux, Lisieux, Evreux, Chartres, Rouen, Amiens, 
Beauvais, Laon, Noyon, St. Quentin, Rheims, Chalons, Soissons, 

*And in the churcli of the Madonna dell' Orto, at Venice. In this church the 
columna (not piers) were notloAd in 1895 as all leaning toward the facade, from 4 to 
7 Inches. The church alao has a leaning facade which cunres to the perpendicular. 
No publlcaUon has been made regarding this church because no measurm or photo- 
graphs were taken. It cannot be said at present that the leaning columns in the 
church of the Madonna dell' Orto are not so inclined by accidental causes. 

fThe mention in Arch. Rec., VI.. 4, p. 502. of the Cremona Cathedral as having 
this construcUon is an error. In 1886 the obsenration to this effect was made from the 
openings in the clerestory, but in 1901. when photographs were taken from the same 
position, it appeared that tiM effect of the bend in elevation was produced by a bend in 
plan. 
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Angouleme and Strassburg. The closest analogy known, as regards 
the gallery curves in plan, is again offered by the Pisa Cathedral, 
although a number of Italian cathedrals and churches can be 
quoted for similar deflections. 

Observations have been made in some one hundred and twenty 
Italian churches and in some thirty-three French churches for vari- 
ous individual refinements and for the combination of several, but it 
thus appears that Notre Dame, the Pisa Cathedral, and St. Mark's 
at Venice are by far the most remarkable churches, so far known, 
for the systematic application and great variety pf their archi- 
tectural subtleties. 

In the effort to explain these subtleties there can be only one 
point of departure. Whatever individual explanations may be of- 
fered for individual phases of asymmetrical construction, the pri- 
mary fact must remain this, that many mediaeval builders con- 
sciously disliked, and avoided, geometrical or mathematical regu- 
larity, and the incident monotony and mechanical formalism and 
coldness of architectural effect. 

Since the bibliography on the second page of the cover mentions 
a series of publications in which the explanations of various me- 
diaeval refinements have been elaborately discussed, it will be well 
to limit the present discussion to that wholly original arrangement 
in Notre Dame (wholly original as far as these observations have 
been carried) which unites an interior system of westward leans 
in the vaulting shafts with an exterior system of westward leans 
and vertical bends in the towers and facade. The union of these 
two systems is illustrated by the diagrams Nos. 82 and loi. 

It is the opinion of the writer that neither single arrangement 
was conditioned by the other. They were probably regarded as two 
good things to do, which worked in together. There are several 
instances of bending fa<;ades and notably that at Pisa, in which there 
is no such elaborate system of interior westward leans. St. Mark's 
shows a system of westward leans and also a bending faqade, as 
regards the setting of the two stories of columns (Memoir No. i), 
but these arrangements are separated by a broad vestibule and are 
not interwoven as in Notre Dame. 

The view is therefore tenable, since both features are found sep- 
arated elsewhere, that neither one was necessitated by the other in 
Notre Dame. 

The final problem then remains ; were the vaulting shafts leaned 
to the west out of sympathy with a widening in the choir, ar be- 
cause they increased the effect of widening in the nave, or because 
perpendiculars were avoided on principle by the given builders ? It 
is useless to discuss this problem until more-facts have been ob- 
served and collated, and until more cathedrals have been examined. 
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The widening of the transepts in Notre Dame is so insi^ificant* 
that it is difficult to conceive of an entire nave system of westward 
leans as having developed from it in. that church. On the other 
hand if a certain number of earlier Romanesque monuments be 
found to have westward nave leans with a more pronounced tran- 
sept widening, the probability would grow that westward leans in 
naves had originally developed as sympathetic leans, parallel with 
the transept widening, and that they had been continued in Notre 
Dame as a matter of heredity, without an impelling cause of the 
same strength in that church. (It must however be admitted that 
the vaulting shafts of the nave near the transept very closely corre- 
spond to the westward widening of the transept piers.) 

NOTRE DAME LA QRANDB AT POITIERS. 

112 Profile view of the lower fagade. It leans forward slightly and 
curves toward the perpendicular. The fillets of the bases tilt up- 
ward, instead of slanting downward, as would be the appearance in 
case of settlement. Compare S. Michele at Pavia (Memoir No. i). 

CATHEDRAL OP BBAUVAIS. 

1 13 Widening of the choir at Beauvais ; not less than three feet ; width 
at the pavement forty-six feet, height one hundred and forty-six 

feet. 

114 Widening of the transepts at Beauvais; more pronounced than 
in the piers of the choir. 

CATHEDRAL OP ROUEN. 

lie Widening of the nave; estimated at fourteen inches. Height of 
vaulting ninety-two feet. 

CATHEDRAL OP RHEIMS. 

1 16 Vertical curves of the nave and widening, estimated at twenty-six 
inches; width of nave at the pavement thirty-nine and one-half 
feet. Height, one hundred and twenty-five feet. 

CATHEDRAL OP STRASSBURG. 

117 Vertical curves of the nave, with widening, estimated at twenty- 
two inches. Width of nave at the pavement forty-two feet. Height, 
ninety-nine feet. 

CATHEDRAL OP CHALONS. 

1 18 Widening of the nave. Well defined. Not estimated. 

CATHEDRAL OP NOYON. 

1 19-122 Vertical curves of the nave : 

1 19 Wide-angle view from the organ gallery. 

120 Right side of the nave from the organ gallery. The plumb-lines 

*There «re several photograplis In the 5x7 prints of 1903 for the tWMjpts of 
Nnt^ Dame bnt none ot ttiem have been bo far enlarged. Only one of ttein is a 
whoUy reUable survT photoi^aph. It shows well defined vertical curvee, bnt very 
slight widening; about cne foot. 
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120. CATHEDRAL, NOYON. FROM THE ORGAN GALLORY. 
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are more distinctly seen in this picture than in the one preceding. 
In the first and second bays on the right, plumb-lines are suspended 
from poles which project from the gallery. Of still greater im- 
portance are the natural plumb-lines which are supplied by the 
lamp-chains. These make it possible to study the vertical curves 
for the entire height of .the nave. 

121 Left side of the navcifrom the organ gallery. The lamp-chain 
beside the first pier on the left affords an excellent opportunity to 
verify the curve. 

122 The nave from the pavement. A plumb-line suspended from the 
small upper gallery, beside the pier on the left at the transept, 
shows that there is no widening at this point. On the contrary the 
pier leans slightly into the nave, two inches with a line of forty- 
three and one-half feet. All four piers at the transept correspond 
in this particular feature of showing vertical curves without widen- 
ing. Photographs from the choir gallery which have not been en- 
larged, show this feature of the transept piers still more clearly. 

The Cathedral of Noyon is the most important building, so far 
observed in France, for proof that vertical curves were employed 
for their t)wn sake and without reference to a widening, alt]^ough 
they are usually connected with it in the naves of churches. Nos. 
119-121 show vertical curves in which the very inconsiderable out- 
ward divergence is only of such amount as would correspond to 
the diminution which is connected with the entasis in a classic col- 
umn, and the transept piers have no divergence whatever. 

Another proof to the same effect, that the widening and the 
curves are distinct refinements, although usually connected, is found 
in the churches which widen without curves, like St. Loup at 
Chalons and St. Thomas at Strassburg. 

Another proof to the same effect is found in the general rule that 
cathedrals which widen considerably in the nave frequently exhibit 
vertical curves in the transept without widening, as regards the 
contrast of distances between piers at their bases and capitals. This 
fact appears, for instance, at Amiens in the exhibited photographs. 
This fact has also been observed in Rheims cathedral and would be 
much more prominent if a greater number of transept photographs 
had been made. 

COUTANCBS.— CATHEDRAL. 

123 Vertical curves of the nave. The perpendicular is not well estab- 
lished in this photograph. 

SOISSONS.—CATHEDRAL. 

124 The nave. The transept piers appear to widen slightly. Such slight 
variations would be unworthy of consideration if only one cath- 
edral were in question, but it is eviden^, as these refinements have 
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disappeared, that they must have disappeared gradually and by re- 
duction to inconsiderable proportions or by limitation to certain 
special portions of a church. It is certain that this disappearance 
began during the Gothic period and before the Renaissance. This 
is rendered positive by the relatively small number of late Gothic 
churches which exhibit the vertical curves or widening and by the 
relatively large number of early Gothic churches which exhibit 
them. St. Jean and St. Pierre at Caen are the only late Gothic ex- 
amples, so far observed, of the widening. 

It is true that the towns visited in France were those distin- 
guished for early and middle Gothic and that not many late Gothic 
churches were found in these towns. On the other hand the late 
Gothic churches of North Italy have been found to be generally 
lacking in refinements. While more extended observations of late 
Gothic centres in Northern Europe are to be desired, the general 
result may be anticipated that they will show the quality and 
amount of refinements employed in late Gothic to diminish, by con- 
trast with the earlier mediaeval periods. 

From these considerations the conclusion may be drawn that a 
careful study and mention should be made of monuments exhibit- 
ing traits which are in- themselves unimportant or inconsiderable, 
but which are related to others which are more prominent and more 
important. The consideration of dates in relation to such observa- 
tion is very important. It may therefore be noted here that so in- 
conspicuous a case of widening as that at Soissons is a rare thing 
in 13th century Gothic as so far examined. 

Chartres Cathedral may be an instance of the absence of vertical 
curves in early Gothic. 

CATHEDRAL OP CHARTRBS. 

125 Tentative observations for the existence of vertical curves in this 
cathedral have been made by Prof. John F. Weir, Director of the 
Yale School of Fine Arts, and also by the writer, but the only sur- 
vey photograph so far made of the interior does not appear to sup- 
port these observations. It is not wise to trust the eye in sighting 
for vertical curves, when not aided by well-established perpendicu- 
lar lines. This is especially the case because in all vaulted churches, 
the vaulting ribs in the distance, which curve away from the lines 
of the piers nearer to the foreground, tend to produce an optical il- 
lusion that the piers curve in the opposite direction, even though 
they really exhibit straight lines. This is a warning which should be 
carefully considered by other observers, never to trust the eye when 
not aided by perpendicular sighting lines. As regards the sus- 
pension of perpendicular lines it should be added that suspension of 
lines from the galleries is insufficient, because the deflection fre- 
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quently begins at a higher altitude. If, for instance, the inclination 
of the transept piers of Notre Dame at Paris were to be deter- 
mined by the plumb-line seen in No. 65, the resulting conclusion 
would be that the piers are practically perpendicular, which is not 
the case. The deflection begins higher up. A line from the trifor- 
ium at Amiens would also be inconclusive for the same reason. 
Such a line is valuable for establishing a perpendicular which can 
be carried higher in a photograph, but is useless for observations 
limited to the given height. 

(For this reason no satisfactory account can be given at present 
of the Abbaye aux Hommes or of the Abbaye aux Dames at Caen. 
Curves were apparent to the eye in both these churches, but the 
suspension of a plumb-line from the gallery failed to verify their 
existence and the taking of photographs was consequently aban- 
doned. At a later stage of the observations in 1903, it became evi- 
dent that the negative evidence supplied by plumb-lines suspended 
from a gallery was inconclusive, but there was not time to return to 
Caen for more definite observations. The best evidence is that 
furnished by a photograph which is made by a carefully levelled 
camera, with an absolutely rectilinear lens.) 

The Cathedral of Chartres offers a phenomenal instance of the 
pavement sloping upward toward the choir. This construction 
was observed by the surveys of 1895 in more than eighty-five Ital- 
ian churches (Arch. Rec, Vol. VI., No. 2. "Perspective Illusions 
in Mediaeval Italian Churches"). 

By careful levelling the pavement of the nave at Chartres was 
found to slope up from the main door, as far as the choir, three 
feet seven inches (distance of two hundred and seventy-nine feet). 
If this slope were continued to the rear of the choir at the same 
rate it would amount to nearly six feet for the entire length of the 
church, but the pavement of the choir steps up and has also been 
relaid. 

The slope of the side aisles is uniform and unbroken from the 
facade to the termination of the choir but is not so pronounced, for 
the reason that the aisles are raised at the faqade above the level of 
the nave (four steps on the left, combined height 2.98 ; two steps on 
the right, combined height .98). At the transepts the less pro- 
nounced slope of the aisles, starting from a higher level, and the 
more pronounced slope of the nave, starting from a lower level, 
unite in one slope, which is then prolonged in the aisles of the choir, 
at the original pitch which is found in the aisles of the nave. 

The pavement of St. Jean at Chalons (Romanesque) slopes up 
nine inches in one hundred and fourteen feet. 

St. Michel des Vaucelles at Caen (late Gothic) slopes up nine 
and one-quarter inches in one hundred and ninety-two feet. 
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The Cathedral of St. Lo slopes up ten inches in two hundred and 
sixteen feet. 

The slope of St. Alpin at Chalons has already been quoted as one 
foot one inch in sixty-two feet. 

St. Godard at Rouen slopes up four inches in eighty feet. 

LISIBUX.— CATHEDRAL. 

126 View of the nave. Note-book mentions a widening: in the choir.* 
Hasty observation. 

POITIERS.— CHURCH OP THE MONASTERY OP MONTIERNBUF. 

A Benedictine church of the nth century; damaged by bom- 
bardment during the Huguenot wars and subsequently revaulted 
and shortened. 

127 Left aisle. The widening is shown by a plumb-line suspended 
from the picture beside the fourth pier ; surveyor's rod at that point. 
Lean about 0.74 in about thirty feet. 

128 Right Aisle. The widening is shown by three plumb-lines, sus- 
pended from the pictures ; surveyor's rod at the third pier. Lean 
about one foot in about thirty feet. 

129 Widening of the right side of the nave. A plumb-line is suspend- 
ed from the crucifix. 

VIENNA.— SCHOTTBNKIRCHE. 

130 The widening of the choir is estimated at one foot with a width 
at the pavement of about thirty-six feet. A late Renaissance in- 
stance of this refinement, dating 1638. The only other Renais- 
sance instance so far observed is S. Giorgio Maggiore at Venice 
(by Palladio). See Memoir No. 2 for this observation and for con- 
siderations regarding the rapid disappearance of architectural 
refinements after the opening of the Renaissance period. 

Itinerafy. 

The following towns were visited between the dates of July 9th 
and July 27th, inclusive, in the order named : Mont St. Michel ; St. 
Malo ; Dol ; Coutances ; St. Lo ; Bayeux ; Caen ; Lisieux ; Evreux ; 
Chartres ; Rouen ; Beauvais ; Noyon ; Laon ; Rheims ; Chalons ; 
Soissons. One hundred and two glass negatives were made 
during this time. 

The dates of July 28th to Aug. ist were occupied in preliminary 
observations in Notre Dame at Paris, in obtaining permits for mak- 
ing photographs in Notre Dame, and in preparations for a visit 
to Constantinople. 

The dates of Aug. 2d to Aug. 28th were taken up by the trip to 
Constantinople and the return to Paris, including stops at Vienna 
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and Strassburg on the return trip. Thirty-eight negatives were 
made during this time. 

The dates of Aug. 29th to Sept. 12th were devoted to work in 

Notre Dame. The observations at Amiens were made on the dates 

of Sept. 14th- 19th (fifty-five negatives). Four negatives were also 

made at Beauvais on the 19th. On Sept. 20th-22d twenty-one neg- 

^atives were made at St. Quentin. 

Work was resumed in Notre Dame on the dates of Sept. 23d- 
25th. 

Between the dates of Sept. 26th and Sept. 29th, visits were made 
to Periguex, Angouleme, Poitiers, Tours, and Chartres (revisited) 
and twenty-nine negatives were made. 

Work was resumed on Notre Dame between the dates of Sept. 
30-C)ct. 3d. Eighty-five negatives were made of this cathedral, 
most of which are available for enlargement. 

These views are generally interiors, which required an average 
exposure of not les than sixty minutes. The average time re- 
quired for the interior exposures at Amiens was not less than forty- 
five minutes each. The interior at Chartres was exposed for two 
hours and a half, and is still under-exposed. 

Conclusion* 

Although the photographs described in the foregoing list include 
several cathedrals of the transition period from Romanesque to 
Gothic (Laon and Noyon especially) ; and many of the early Gothic 
time, the only Romanesque churches represented by enlargements 
are St. Remi at Rheims and two churches at Poitiers. This de- 
ficiency for the Romanesque period is made good by earlier obser- 
vations in Italy (see bibliography). The general deficiency of Ro- 
manesque illustrations for France is due to the shortness of the 
time which could be allotted to the work and the fact that the 
northern French towns are almost wholly represented by Gothic. 

The only towns visited in central or southern France were Pe- 
riguex, Angouleme, Poitiers and Tours. 

The Romanesque Cathedral of Periguex has been wholly re- 
built in the 19th century.. It is impossible to say what refinements 
it may have exhibited. The Cathedral of Angouleme shows wid- 
ening in the transepts (survey photograph not enlarged). The 
facts for the nave are doubtful. It appears to have suffered from 
modern repairs. 

At Poitiers the (early Gothic) Cathedral offers a remarkable case 
of constructive perspective illusion (Fergusson, History of Archi- 
tecture, Vol. I., p. 489.) but has no widening or vertical curves. 
St. Radegonde (Romanesque) shows widening in the choir only. 
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Notre Dame la Grande has no widening or interior vertical curves. 
For the facade, see No. 112. St. Hilaire has been so rebuilt that 
no conclusions can be drawn from this church. 

The cathedral of Tours has a deflected plan. It has no widening 
or vertical curves. 

The only places visited in 1903, which have not been previously 
illustrated or mentioned in these pages, outside of the Itinerary, 
were Mont St. Michel; St. Malo; Dol; St. Lo; Bayeux; and 
Evreux. 

At Mont St. Michel the indications for the vertical curves are un- 
mistakable, but they have been largely obliterated by modern re- 
pairs and will probably soon disappear altogether, in consequence 
of the restorations now going on. 

The unimportant cathedral of St. Malo has a Renaissance con- 
structive leaning fagade, leaning about five inches in about fifty 
feet. I was advised of this by a friend. Retired Commander Rooper 
of the British Navy, and went to St. Malo to verify the observation. 
Note-book mentions widening in the choir. 

Observations at Dol, as recorded in note-book, mention vertical 
curves in the cathedral nave. No photographs were taken. 

No refinements were observed at Bayeux or at Evreux or in St. 
Stephens at Vienna. 

From the accounts given in this Memoir it will appear that 
twenty-seven towns were visited between the dates of July 9th and 
Oct. 3d, inclusive, in 1903. In these twenty-seven towns, twenty- 
nine churches and cathedrals were found to exhibit the vertical 
curves or the widening refinement, with or without vertical bends. 
Chartres, Lisieux and Soissons are considered as doubtful cases and 
are not included in this count. 

It may therefore be confidently concluded that a very large pro- 
portion of the mediaeval cathedrals and churches in northern Eu- 
rope will be found to exhibit similar refinements. 

The expenses of the investigation described were supported by 
generous contributions from Mr. and Mrs. August Lewis of New 
York and from the Trustees of the Brooklvn Museum.. 
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